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For your packaged cereals and dry mixes we suggest 


BANANA *® BUTTER CARAMEL ® LEMON 
MAPLE PINEAPPLE 


Developed in the L.F.F. Research and Creative Laboratories specifically to 
give better quality taste to prepared mixes, and carefully designed to 
withstand long shelf-life and bakeout, these flavors will assure 

BASIC GOOD TASTE when your product is served. 


Send for your samples! 
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INTERNATIONAL FLAVORS & FRAGRANCES INC. 


417 Rosehiil Place, Elizabeth 2, N. J. 
Leading Creators and Manufacturers in the World af Flavor 


ARGENTINA AUSTRIA BELGIUM BRAZIL CANADA ENGLAND FRANCE GERMANY HOLLAND INDONESIA ITALY NORVAY SOUTH APRICA SWEDEN SWITZERLAND 


— 
> 
— 
~ \ 7 
; 
= 
Ay 
» 
Sa 
x 
| 


Paramount 
Style 


How Durkee’s Continuing Research Kept Coatings from Turning Gray 


THE PROBLEM: find a better hard butter. Durkee’s 
Technical Research Staff set out to find one. They 
wanted a hard butter that would produce confec- 
tioners’ coatings with better performance char- 
acteristics than existing coatings. Specifically, they 
wanted high gloss retention, greater stability and re- 
sistance to bloom under all temperature conditions. 


THE SOLUTION: methodical. Durkee research went 
to work. Coating after coating was tested in the 
laboratories ... placed in cycling cabinets which 
duplicated shelf temperature changes... checked 
by taste panels.. 
encountered in the plant. Durkee even built a pilot 


. Subjected to exact conditions 


DURKEE tecunicat service 


Department FT « 


Jamaica, Louisville, Ky. « 


900 Union Commerce Building «+ 
Berkeley, Calif. « 


plant with miniature equipment to simulate actual 
plant conditions. As a result, a hard butter for 
making coatings that met every industry require- 
ment was developed. Durkee named it Paramount; 
confectioners call it “wonderful”. 


THE SIGNIFICANCE: clear. Durkee has been 
researching fats and oils for 40 years—and is still 
hard at it. The development of Paramount is typical 
of purposeful research continually in progress in 
Durkee’s Technical Service Laboratories. Here is 
where we may be able to help you most whenever 
your product or process warrants further attention. 
We'd be glad to help. Just ‘phone us or write. 


Cleveland 14, Ohio 
Chicago, Ill. 


a 
q 
— 
bee 
| 
| 
| 
] 
| 
ary 
G 
| 
| 
GUALIT> {em 
: 
Roouct® 
1 
i 


65 55 


005 002 


82 0 


9 
3 S 6 
a 8 100 200 SOC 


Formula for perfect flavor! There are two ways to improve the quality and 
consistency of the flavors you use. Choose from Kohnstamm’s unique collection 
of assorted flavors. Or have Kohnstamm researchers create a new flavor designed 


specifically for your needs. Call today and learn which way is best for you. 
SINCE 1851 


H. KOHNSTAMM&CO.,INC. 


First producers of certified colors. 161 Avenue of the Americas, N. Y. 13 
11-13 East Illinois St., Chicago 11/2632 E. 54 St., Huntington Park, Calif. 
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Obligations of Food Technologists 


to the Consumer’ 


Wres THIS SUBJECT Was assigned 
to me by your program committee | was under the 
impression it would be easy to fulfill. Subsequently, 
however, it has seemed increasingly difficult. 

The subject will be dis- 
cussed from two points of 
view: 

What the consumer ex- 
pects from the food tech- 
nologist. 

The food technologist’s 
obligation to the consumer. 

Actually the position of 
the food technologist in in- 
dustry may be a very diffi- 
cult one. However con- 
scientious he may be, he 
may ultimately be at the 
merey of his company and 
especially of his sales or- 
ganization. While the con- 
sumer may expect him to 


J. B. Brown 


disparage misleading and extravagant claims for his 
products, he may be helpless. 


WHAT THE CONSUMER EXPECTS 


What does the consumer expect and hope for from 
the food technologist? In attempting to answer this 
question it seemed that any reply from a single per- 
son, such as myself, would be too narrow and perhaps 
too prejudiced. While | think I know what a food 
technologist is in a very broad sense, I’d certainly 
hate to be pinned down for a concise definition. In 
my mind a food technologist is an individual who has 
specialized in food technology in college in a suitable 
curriculum leading to a bachelor’s degree and perhaps 
to the M.S. or Ph.D. degrees ; hence, one who is scien- 
tifically trained, who knows about the chemistry of 
foods, and who knows what happens to foods during 
processing, ete. Often, however, the food technologist 
is one with specialized training in chemistry, or bio- 
chemistry, or horticulture, ete., who acquires food 
technology experience after he is on the job. 

To answer the question therefore I sent out a letter 
to several of my colleagues, as follows: ‘*] am writing 
this letter to a few of my more highly intelligent 
friends because this is an instance of ‘when a feller 
needs a friend’. I have been assigned the topic ‘What 
the Consumer Expects of the Food Technologist’ at 


“Presented ut the Winter Meeting of the Ohio Valley See 
tion of IFT, February 26, 1960, Columbus, Ohio. 
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J. B. Brown 


Director, Institute of Nutrition and 
Food Technology and Chairman, De 
partment of Physiological Chemistry 
The Ohio State University, Columbus 
Ohio 


the February 26 meeting of the Ohio Valley Section 
of the Institute of Food Technologists. Can you dis 
embody yourself from your professional attitude and 
write me a short note or sketch or outline of what you 
as a consumer expect from the food technologist ?”’ 

The answers came in, As mentioned, they were from 
my colleagues, professors at Ohio State University, 
and hence admittedly, perhaps, not a fair sample of 
the population. Some were members of the Institute 
of Food Technologists. | am not going into the replies 
in full detail, but some of the suggestions were well 
thought out. I am sure they should be considered 
carefully by you folks here in this audience in your 
capacity as food technologists. 

One department chairman answers as follows: °°! 
have your note of January 23 with reference to your 
talk before the Institute of Food Technologists. | 
asked my wife about what the consumer expects. | 
found immediately that she did not know what a food 
technologist is. What does he do? 
only? Or does he concern himself with the gross 


Is he a chemist 


aspects of foods? Does he have responsibility for 
analyzing for and discussing the importance of vita 
mins, ete., ete.? Even J had some difficulty in answer 
ing the questions in view of the wide activities and 
the range in number and type of people who call 
themselves food technologists. As a result, | was abl 
to get little help from my wife. This may help to 
introduce the problem as I assume that others are as 
confused as she is and possibly as 1 am. There are so 
many facets in which so-ealled food technologists oper 
ate that the consumer is at a loss to know what to 
expect. 

‘*But assuming that the food technologist is pri 
marily concerned with the composition and nutritive 
value of foods utilized in human consumption, |! 
would expect the food technologist to give accurate, 
unbiased information, not influenced by any comme 


cial industry on such aspects of foods in their natural 


July Cover. An early stage in the production of alumi 
num (upper photo), is a multi-ton ingot of aluminum, 
shown in a giant sealper at Reynolds Metals Companys’ 
MeCook, Illinois sheet and plate works. The ingot is 
next rolled into slab and thinned, in suecessive stages, 
into plate and sheet. Skilled craftsmen using machines 
like that in the lower photo can roll foil so thin that on 
pound will cover 70,000 square inches. From the foil 
mill the aluminum will go to one of Reynolds gravure 
plants where it may be laminated with other materials 
and printed in a wide variety of colors. Aluminum in 
one form or another is used in food packaging tech 
nology in the form of overwraps, innerwraps, pouches, 
labels, rigid containers and cans. 
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state as well as prepared and processed. To what 
extent should he concern himself with proper ratios of 
the various components of a meal is another question, 
but still important. To what extent does he coneern 
himself with actual tests on rats, rabbits, guinea-pigs, 
or humans in supporting his conclusions? 

Another department chairman who should know 


makes the following suggestions: 


‘1. The consumer does not know what a food tech- 
nologist is so your question should be what does the 
consumer expect in the food he or she purchases. 

2. Wholesome food is a must but this is taken for 
granted 

3. It must be attractive in appeal and price. 

#. It must be uniform and relatively high in quality. 
». The consumer will often take less in quality for 
the sake of uniformity and convenience 

6. The mass consumer is usually unwilling to pay 
the extra price for an epicurean delight, e.g., faney 


cheese, prime beef, ete., ete.”’ 


MUST KEEP FAITH WITH THE CONSUMER 

A third department chairman expects the food 
technologist : 

‘1. To have full knowledge of the basic food prob- 
lems which are exploited so generally in the daily 
press. In other words—the consumer is naturally econ- 
eerned with such things as contamination with pesti- 
cides, antibiotics, radioactive materials, dietary claims, 
ete., and would expect the food technologist to deal 
with these problems objectively and intelligently. 

2. Full knowledge of the physical and chemical na- 
ture of the food products which rightfully are in 
cluded in his particular sphere of activity. 

3. A clear understanding of the industrial processes 
which are involved in the processing foods in his area 

and the ability to relate these industrial processes 
in a manner which will be understandable to the aver- 
age consumer. 

4. To be fair and impartial in the treatment of 
consumers’ questions so as not toa destroy the con- 
sumers’ faith in one food product while attempting to 
inerease her confidence in another 

5. To be honest enough to say ‘I don’t know’ in 
cases where questions arise for which he does not have 
current information—rather than to give the con- 
sumer incorrect information which might, in the long 


term, be disastrous.”’ 


A former department chairman and dean states: 

‘IT am quite sure that what a consumer expects 
from a food technologist is something quite different 
from what a food industry or an educational or re- 
search institution would expect from a food tech- 
nologist. 

‘It is my feeling that the consumer expects his or 
her foods to be of high quality and uniform in qual 
ity characteristices—such as appearance, taste, odor, 
ete. The consumer is interested in attractive and con- 
venient-size packages and in ease of preparation for 
the table. I believe the consumer is also interested in 


KLENZ-PAK 


AT NO INCREASE IN COST 


KLENZ-PAK PROTECTS 


CHLORINATED PRODUCTS 
MAINTAINS QUALITY — PREVENTS CAKING 


SHIPPED SEALED 


Easy handling 50 Ib. unit. Inner poly- 
ethylene liner can quickly and re- 
peatedly be air-sealed. Protects 
contents to the last ounce. Sealed 
against dampness and water seep- 
age. Hinge type cover keeps out 
dust. Another example of Klenzade 
progress ... to give the very finest 
in sanitation service and products 
— first. 


Ask Your KLENZADE Representative 


KLENZADE PRODUCTS, INC. 


Systematized Sanitation All Over the Nation 
BELOIT, WISCONSIN 
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new feods and by this | mean new preparations of the 
usual raw materials.”’ 


An associate professor and laboratory director (in 
consultation with his wife) makes the following points 
in connection with the consumer's expectations : 

1. Wants more reusable containers. 

2. Wants to see original colors of products pre- 
served; wants containers to be transparent so that 
these colors may be visible. 

3. Wants more emphasis on partially baked des- 
serts, casseroles, and main dishes. 

4. Wants methods devised to make such items as 
lettuce, celery, ete., table clean. 

5. Wants a system of dating items to protect con- 
sumer against too long storage, or simply statement 
of packing date, ete. 


This reply is from a home economics professor and 
a member of the Institute of Food Technologists : 

1. Wants prepared foods as palatable as home 
processed. 

2. Wants to be lured into wanting and trying new 
foods and food products. 


3. Wants protection against unsafe foods. 


Wants nutritive values safeguarded in process- 


». Wants nutritive values enhanced where possible. 

6. Wants prices kept reasonable. 

7. Wants more convenience foods. 

8. Wants food products made attractive. 

9. Wants products with improved stability. 

10. Wants more information on the package as to 
quality and standards. 


My secretary who is a consumer with more infor- 
mation than most laymen wants in addition to the 
above, specific information on calorie values and con- 
tents of chief nutrients as proteins, individual vita- 
mins, ete., on a per serving basis. 

Final Comment: These are the expectations of a 
very select group of consumers. I am sure that the 
average layman knows very little about what a food 
technologist is, but he would still know enough to 
think of many of the points raised above by these 
more well-informed individuals, 


WHAT ARE THE FOOD TECHNOLOGISTS’ 
OBLIGATIONS TO THE CONSUMER? 


The consumer, if he thinks, will expect the Food 
Technologist, first, to be well trained as a food tech- 
nologist. Naturally, this raises the question: What 
training, then, should a food technologist have? This 
is a question with which the Curriculum Committee 
of our Institute of Nutrition and Food Technology 
on the campus has been concerned since 1946. We 
have been trying hard to answer this $64 question. 
Recently, the Education Committee of the Institute 
of Food Technologists has tried to answer the ques- 
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tion. Generally speaking most of you will agree that 
your training should have included the following: 


1. You must be well informed on the chemical com- 
position of foods. This will involve courses in general 
chemistry, qualitative and quantitative analysis, or 
ganic chemistry and biochemistry. 

2. You need to know a great deal about the physica! 
properties of foods ; hence, you should have had funda 
mental courses in physies. 

3. Since foods are intended for nourishing the tis 
sues of humans and animals, you should have a 
knowledge of biochemistry and nutrition,—biochemis 
try, the chemistry of the facts of life, and nutrition, 
how to make biochemistry possible. In food tech 
nology, these sciences supplement each other. Inter 
mediary metabolism and nutrition are inseparable. 

$. In addition to other courses in biological sciences, 
including bacteriology, botany, ete., you should have 
had training in many of the so-called broadening 
disciplines including the social sciences, English, ete 
etc. Most of these are now required in the general 
curricula leading to the bachelor’s degree. 

5. Your training should, of course, have included 
some course or courses in Food Technology ; 

6. In order to carry on and direct research, a Ph.D 
is surely required. 

7. Chemical engineering, a 5 year program may be 
necessary. 

8. You should continue to be students at your work, 
reading and learning more and more about foods and 
food processing, and the controls necessary for these 


operations, 


These are your obligations to the consumer in the 


way of training. 


YOUR OBLIGATIONS TO YOUR EMPLOYER 
AND THE PUBLIC 


Now as to specific points of obligation, as I see them, 
which you owe both to your employer and to the pub 
lie who will consume your products. 

Naturally, you should have a thorough knowledge 
of the composition of the foods and food products 
which your company is processing for the public's 
use—learning all that is possible to learn by extensive 
reading and study. You are not likely to know 
thoroughly any given class of foods at the time of 
your graduation. Your knowledge must be vastly 
increased until in fact, you become an authority on 
these foods. You should know not only about the 
proteins, fats, and carbohydrates, which these foods 
contain, but you should be equally aware of the vita 
mins and the trace mineral elements which are so 
essential to nutritive values. 

You should know the effects of processing on these 
products—the changes induced by heat and oxidation 
on protein, fat, and carbohydrates. Here particularly 
you should be aware that overheated and oxidatively 
rancid fats may produce toxic effeets when consumed ; 
also, such fats have reduced nutritive value. If you 
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are in an industry concerned with the hydrogenation $+. You should be thoroughly acquainted with the 
of fats you should be aware of the profound chemical science of nutrition which deals with the nutrients 
changes in fats induced by hydrogenation, not only in foods and their metabolic functions. The conscien- 
the reduction in amounts of essential fatty acids but tious food technologist must remember that the sole 
also the production of large amounts of other isomers function of his products is to feed humans, or, in the 
of the unsaturated acids. The question of hydrogen- animal feed industries, to feed livestock. Without 
ation has been raised recently as to its possible de- man and animals you would have no job. In this con- 
leterious effects in connection with the development nection it occurs to me to suggest that a knowledge of 
of cardiovascular disease. You should be particularly nutrition will involve more advanced study than any 
aware of the effect of processing on the B vitamins. formal training you may have had in this subject. Do 
Some of these, particularly thiamine, are easily de- vou know the major problems of protein nutrition as 
stroyed by heat so that it is impossible to process foods they affect the American people? Are you thoroughly 
by heat without impairing thiamine content. In this informed of the functions of each vitamin and min- 
connection you are up against the dilemma of destruc- eral, and what its loss in your product may do for 
tion of B vitamin versus the loss of ascorbie acid, and some one? A good food technologist must, ideally, be 
you should make every attempt to preserve this essen- a good nutritionist. This is one of your important 
tial nutrient. If a consumer expects ascorbic acid in obligations. 
it, he should not be disappointed. With reference to The most important problem before clinical medi- 
minerals you should continually keep in mind that cine today is the problem of cardiovascular disease as 
most of these may be lost through leaching out in typified by the fact that some 50 to 60 per cent of our 
cooking water, anc if these waters are discarded loss people are dying from coronaries, the major cause of 
will result. In surnmary of this point, keep always in death. As one who has for a long time been interested 
mind that overprocessing will usually be harmful. in the biochemistry of fats and oils, | am unhappy to 

You should always be aware that the nutritive say that dietary fats are alleged to be one of the prin- 
values of your products will never exceed the nutri cipal causes of atherosclerosis and coronary occlusion. 
tive values of the raw products as you receive them. While there are many controversial points to this 
In other words, vou may have to look farther back story, I think the food technologist owes it to the con- 
than your receiving platform as to the history of the sumer to be thoroughly aware of the background of 
products as they come to vou. Remember the con- this allegation. There is a strong point of view 
sumer will depend upon you for products of maxi presently among the medical profession and among 
mum nutrient value those working in this field that we are eating too 


FOR TECHNICAL HELP... 


< In addition to supplying you with high quality choco 
late flavorings and coatings, your Man From Blumen 


thal will gladly 

| Discuss prices and prevailing market conditions 

2. Arrange for his laboratory to perform special serv 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate 

3. Refer your problems to one of our consultants spe 
cializing in technical problems 


4. Conduct research on new ideas suggested by you 


BLUMENTHAL BROS. CHOCOLATE Co. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA 
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much fat, and particularly too much of the saturated 
fats. Three or four principal delectations by which 
Americans are tempted by the food industries are 
salted peanuts, potato chips, french fries of all kinds, 
and buttered popcorn. think increasingly in the 
future the food technologist will be called upon to 
develop new products of lower fat content from the 
raw materials which basically constitute the products 
just mentioned. In this direction, also, I think the 
food industries employing hydrogenation of fats 
should seriously consider use of products with less 
hydrogenation and a higher content of the original 
vegetable oils than the products now on the market. 
The dairy industry might well be advised that its 
emphasis on butterfat is being inereasingly called 
into question. We may well be on the verge of a 
rather complete change in our attitudes toward 
dietary fats The food technologist owes it to the 
consumer to be informed on these problems and _ to 
provide products of maximum nutrient value to the 
consumer, 

The food technologist owes it to the consumer to 
wage his own private war towards discouraging mis- 
leading and extravagant claims. The consuming pub- 
lie is tired of unjustifiable superlatives. I am de- 
pressed by the fact that all beers are claimed to be 
the best beer which obviously is not true. One of the 
newer brands of margarine makes the claim that it is 
made entirely from corn oil, incidentally a fine food 
fat, but in the small print on the package is the state- 
ment that it is partially hydrogenated corn oil. No 
two fats can be so completely dissimilar as corn oil 
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and partially hydrogenated corn oil. The hydrogen 
ated fat is a new and synthetic fat, containing in- 
numerable compounds not present in corn oil itself 

You, as a food technologist, should ever keep in 
mind the question of food additives. The consumer 
of your product expects you to provide a_ product 
containing no additive which is harmful. 

You should be equally aware of the possibility of 
the presence of spray residues in the raw materials 
you receive and be willing by chemical analysis to 
guarantee freedom from toxie materials. Heaven 
help you, if you allow even the remotest traces of 
compounds in your products *‘ which when fed to rats 
will cause cancer’’! 

The consumer expects of you, and | believe you are 
obliged to provide him from time to time with, new 
and attractive products. For example, the consump 
tion of potatoes will be gradually increased as new 
and convenience forms of potatoes are available. The 
availability of thoroughly palatable powdered mashed 
potatoes is welcome. These are now good enough that 
even restaurants are beginning to use them. Food 
technologists in the dairy industry can well provice 
a reconstitutable condensed milk or whole milk pow 
der, etc. The deep freeze and the convenience foods 
offer unlimited opportunity for creative work. 

Last but not least the question of cleanliness in all 
plant operations is surely very important. Your con 
sumer expects you to assure wholesome and clean food 
products. 

These, then, are some of the obligations, in my 


opinion, of food technologists to consumers. 


IN THIS ISSUE— 


TECHNICAL ARTICLES IN BRIEF 


Radiation or foods Beef Sensory evaluation Monosodium glutamate 


Monosodium glutamate studies. I. Factors affecting de- 
tection of and preference for added glutamate in foods. 
Helen L. Hanson, Marian J. Brushway, and Hans Line 


weaver. 


The thiobarbituric acid test in irradiation-sterilized beef. 
Norman L. Smith, Ian J. Tinsley, and E. C. Bubl. 


Beef, irradiated with gamma rays gives an intense color 
reaction with thiobarbituric acid. The red color produced 
in this reaetion has been shown to be due to the forma- 
tion of two pigments with absorption maxima at 534 mme 
and 552 mme. The former corresponded to the pigment 
produced in the reaction of malonaldehyde with thiobarbi- 
turie acid and the latter corresponds to one of the pigments 
produced in the reaction of glyoxal with thiobarbituric 
acid. Some studies have been made of the nature of the 
color precursors in the irradiated beef. (See page 317). 0.04%. Addition of thickenings, fat, and seasonings inter 


8 


The glutamate ion has a specific flavor effect more readily 
detected than the chloride ion when NaCl and glutamate 
are added at approximately equal sodium concentrations 
to chieken broth containing normal amounts of NaCl. The 
panel selected for acuity to glutamate readily (95° of 
possible judgments) detected glutamate added to un 
seasoned chicken broth at levels ranging from 0.015. to 
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fered only slightly with detection of the above levels. 
Added glutamate was less readily detected in foods such 
as peas and liver paste than in pork sausage, turkey a la 
king, or thickened chicken broth. Glutamate was less 
readily detected in chicken broth or turkey a la king 
containing the higher of two levels of NaCl, but limited 
tests on cream of chicken broth and liver paste showed 
no effect of NaCl level within reasonable levels of vari 
ation. However, high levels of added thickenings, fat, or 
seasonings did not interfere with detection of added 
glutamate to any greater extent than did low levels. In 
facet, a high level of flour added to a highly seasoned broth 
made detection of added glutamate easier, probably be 
cause it masked some of the other seasonings. Ease of 
detecting added glutamate is not greatly influenced by 
variation in levels of thickening agent, fat content, or 
seasonings Added glutamate was much more diffieult to 
detect in foods normally containing very high levels of 
elutamate than in those containing very low levels. The 
glutamate content of the foods must be considered in 
developing recommendations for evels of added vluta 
mate. Foods with very high glutamate content require 
considerably more added elutamate than foods with very 


demonstrable change 


low glutamate content to exhibit 
in flavor. The extent of consumer preference for gluta 
mate-containing samples did not varv in a_eeconsistent 
manner with NaCl level, but it is suggested that the 
preterence decreases somewhat as the « ptimum acceptable 
NaCl level is approached. This level, of course, varies for 
different foods and individuals. In the foods tested, the 


pretere nee Tor those with idded glutan ate either equalled 


or exceeded preference for those without added gluta 
mate The difference in performance of a trained pan »| 
ona paired COM parison and a single sample test suggests 
that consumer tests of preterenee based on amples eom 
pared direetly may have limited applieability under nor 


mal eating conditions See page 320) 


Sensory evaluation linn glutamate 


Monosodium glutamate studies. II. Evaluation of a possi 
ble flavor stabilizing effect of glutamate in frozen foods 
and of the stability of glutamate to commercial canning 
process. Helen L. Hanson, Marian J. Brushway, and Hans 


Lineweaver 


Monosodium glutamate at 0.15 or 0.35°7 did not prevent 
or delay off-flavor development at 10° F in fried chicken 
held 4 months; turkey a la king, 9 months; raw turkey, 
9 months; or pork sausage, 4 months; or in pork sausage 
held 4 months at 20° F. Nor did it retard peroxide de 
velopment at 10° F in fried chicken held 1 year; turkey 
a la king, 15 months: uneooked turkey, 9 months; or pork 
sausage, % months; or pork sausage held 6 months at 
20° F. The presence of glutamate neither prevented 
peroxide development not did it mask the flavor changes 
that oceurred. No loss in glutamate content was found in 
chieken broth, cream of chicken soup, or green beans sub 
ected to commercial canning conditions. No flavor dit 
ferences were detected between two samples of ehieken 
broth or cream of chicken soup prepared by adding equal 
amounts of glutamate betore and after eanning, respec 
tively. Sinee glutamate is stable to heat processing and 
since it does not affect the usual processing changes in the 
product as judged from this limited study, addition prior 
to canning, as is generally recommended, is indicated to 
assure uniform distribution, especially in heterogeneous 


products. See page 325) 
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Real Fruit? Flavors... 


WITH THE FUGITIVE 
AROMAS CAPTURED! 


You can improve your 
preduct amazingly —by 
use of FLAVUREX real 
fruit flavors. Our ‘‘Low 
Temp” process coaxes 
out and captures the 
very last drop of good- 
ness in the natural fruit. 
Those delicately elusive, 
but important, volatiles 
now are collected and 
entrapped in our real 
fruit concentrates . . . so 


that all the full, rich, 
good taste goes directly 
into your product. 

Available—black rasp- 
berry, black cherry, 
grape,strawberry, black- 
berry, punch, lemon 
and orange—as real 
fruit pure concentrated 
juices. Or with other 
natural flavors for add- 
ed strength. Write for 
samplesand prices today. 
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Tofu 
Tofu from Japanese and United States soybeans. Allan 
K. Smith, Tokuji Watanabe, and Arlo M. Nash. 


oduct researc h 


Tofu made in pilot-plant investigations from different 
varieties of U.S. and Japanese soybeans showed observa- 
ble differences in color and texture. Because uncomposited 
samples of soybeans were used, observed differences may 
have been caused by climate and soil at the location of 
their growth. Lee and Jackson varieties appeared to make 
tofu equal to that from Japanese soybeans. Tofu from 
several other U. S. varieties were only slightly different 
in color and texture. Yield of tofu varies with variety 
(location), but the general average vield from U. S. sovy- 
beans is about the same as from Japanese beans. Original 
protein and oil content of the beans is a faetor in yield 
and in the final protein and oil content of the tofu. (See 


page 332). 


Freshness test leed shrimp 


The picric acid turbidity test: A possible practical fresh- 
ness test for iced shrimp. Caroline H. Kurtzman and 
Donald G. Snvder. 


An approach of possible usefulness in developing a satis- 
factory freshness test for iced shrimp was discovered by 
chance during the course of a well-known preparatory 
procedure for the analyses of free amino acids of spoiled 
and unspoiled shrimp. The procedure consisted of precipi- 


PROCTOR 
SPRAY DRYERS 


cost. Our engineers will consult 
with your product development 
group ...run tests on our test 
equipment . . . and recom- 
mend a spray drying instal- 
lation specifically designed to 
solve your particular problems. 
Write for Bulletin #442. 


are designed with your prod- 
uct and production require- 
ments in mind. Our engineers 
can custom build a Spray 
Dryer for you which will give 
years of trouble-free produc- 
tion... high production of a 
quality product at minimum 


PROCTOR & SCHWARTZ, INC. 
Philadelphia 20, Pa. 
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tating protein with 75% ethanol, heating, and adding 
saturated aqueous picric acid solution to permit the de 
termination of free amino acids in the clear supernatants 
obtained after centrifugation. Clear supernatants were 
derived from unspoiled shrimp; quite turbid supernatants, 
from spoiled shrimp. This observation stimulated study 
of a procedure, based on this finding, that could be used, 
as a freshness test for iced shrimp. (See page 337). 


Bacterial colonie Ss maske d 
by food particle s 


Me thodology 


A technique utilizing 2,3,5 triphenyltetrazolium chloride 
for recognition of bacterial colonies in the presence of 
large numbers of food particles. Myron Solberg and B. EF 
Proctor, 


After plate cultures of food products have been prepared 
in accordance with standard methods and ineubation has 
been completed, the ease of colony recognition is a fune 
tion of the sample dilution. To the naked eve, the medium 
in which bacterial colonies have grown may vary from 
total opacity to complete transparency. In cultures pre 
pared from low dilutions of food products, bacteria! 
colonies may be masked by food particles or food particles 
may appear to be bacterial colonies. In order to eliminate 
these problems the Tetrazolium Flooding Technique was 
developed. In this method, each culture of plated food 
material, after proper incubation, is removed from the 
incubator and flooded with 2 ml of a 0.1% aqueous solu 
tion of 2.3.5 triphenyltetrazolium chloride. The flooded 
plate is gently rocked back and forth and from side to 
side several times so that the entire area is covered by the 
solution. The excess solution is poured off, the Petri dis! 
cover replaced, the plate inverted and allowed to remain 
at room temperature for 3 to 5 hours. The metabolizing 
bacterial colonies normally reduce the indicated solution 
within the first hour. The additional time used allows 
the more slowly metabolizing colonies to reduce the tetra 
zolium and also results in color intensification within all 
of the colonies. In counting the colonies an illuminating 
instrument such as the Quebee Colony Counter can he 
used except in the case of extremely opaque media. (See 


page 343). 


Red tart cherries for 
freezing or canning 


Quality ment 


Factors affecting the drained weight and firmness of red 
tart cherries. R. L. LaBelle and J. C. Moyer. 


Factors found to influence the firmness and drained weight 
of frozen or canned cherries are time elapsed between 
harvest and packing, degree of bruising, and fruit ma 
turity. Prolonged holding time provides progressivel) 
higher character seores and drained weights in the 
processed products, whereas the ripening of the fruit has 
opposite effects. Although bruising also tends to augment 
firmness in the final product, it has the disadvantage ot 
promoting decidedly greater scald. No difference was 
found between the firming effeets of holding in air as 
compared to soaking in water. Neither were any signifi 
eant differences in firmness observed when holding or 
soaking temperatures of 40 and 80° F were compared. 
The higher temperature merely encouraged scald damage 
In general, conditions which favor high drained weight 


tart cherries are also conducive to 


firmness in red 


and 
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Tempting, eye-appeal attains its most potent sales effectiveness with 

Red Seal Colors of unsurpassed brilliance, purity and uniformity. Let 
Warner-Jenkinson produce—and precisely re-produce—the exact colors 

to give your products the greatest possible taste-stimulating attractiveness. 


WARNER-JENKINSON MANUFACTURING CO. 


Manufacturers of Certified Food Co/ors, Vanillas, Extracts, Flavors 
2526 Baldwin St. ° St. Louis 6, Mo 
West Coast: 2515 Southwest Drive, Los Angeles 43, Calif. * Worehouses: Boston, Jersey City, Atlanta 
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scald and adversely affect color. As a compromise be 
tween these two quality objectives, it is suggested that 
cherries be handled with minimal bruising and _ be 
promptly chilled and soaked in cold water for moderate 
periods of 4 to 10 hours. (See page 347). 


Wuality study Bottled dry white table wines 


Effects of sulfur dioxide, temperature, time, and closures 
on the quality of bottled dry white table wines. ©. S. 


Ough, FE. B. Roessler, and M. A. Amerine. 


In wine stored with cork closures, at two sulfur dioxide 
levels and at temperatures of 32°, 53°, and 70° F the rela 
tive free and total sulfur dioxide changed only slightly in 
a 22-month period. In general, cork-closed wines at the 
lowest storage temperature received the best scores; 
specifically, the 32° F storage temperature resulted in a 
significantly better mean score than did the higher tem- 
peratures. Wine quality also varied with sulfur dioxide 
level. Wines stored at the lower sulfur dioxide level 
(100 mg per liter) were of significantly better quality 
than wines stored at the higher level (250 mg _ per 
liter). In general, wine quality deteriorated with time of 
storage. Sulfur dioxide content at the higher levels de 
clined more rapidly with metal than with cork closures. 
Storage temperature speeded the decline. Again, time ot 
storage and sulfur dioxide levels caused significant dit 
ferences in quality. In this experiment no significant 


effects on wine quality were found from closures or from 
the three lowest storage temperatures, 


pH Meter of r markable ac- 


curacy at the 


NEW YORK 16, 
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was very detrimental to wine quality in all eases. (See 


page 392), 


Change s grecn 
beans during 


Che mere al and phys al 
measurement 
preparing, processing 


Chemical and physical changes in green beans during 
preparation and processing. William A. Sistrunk and 
R. F. Cain. 


\ study of the effects of size and variety of beans and the 
temperature and time of blanch on the chemical con 
stituents in blanched and canned heans showed these 
constituents to be related to texture in the canned beans 
Texture was measured by per cent of sloughed skins and 
resistance to shear. AIS was not correlated with either 
firmness or sloughing of canned beans. Total and re 
ducing sugars of canned he: ns reached mintnum when 
beans were blanched at 150° to 170° F, the temperature 
range at which the texture was firmest and the percentage 
of sloughed skins was lowest; vet this relationship wa 
not established at other 
starch content was found in this range of blanching te 


blanching temperatures. Low 
peratures, and high starch values in the range of 180° to 
200° F. Most texture changes in canned beans appeared 
to be related to changes in pect substances during 
blanching and eanning Resistance to shear increased 
with an increase in per cent ot pectate pectinates, a high 

significant positive correlation that existed in both phases 
of the experiment. Conversel percentage of sloughed 
skins in canned beans was ney ratively correlated with per 
centage of pectate-pectinates and alkali-soluble pectins 
The resistance to shear of canned beans of individual 
treatments was greater in the FM-1 strain than Asgro 

Regular variety. Furthermore, the skins of the sieve size 
5 canned beans ot Asgrow Reg rular sloug hed more than 
FM-1, but the reverse was true in sieve size 1 beans 
Blanching at temperatures between 170° and 180° F for a 
time of 1.5 to 5 minutes was optimum for pole snap bean 

Sinee the pereentag of sloughed skins and resistance to 
shear of canned beans were affected by temperature ot 
blanch, time of blanch, size of beans, and variety, opti 
mum blanch was conditioned by these factors. Closer con 
trol over the raw material was apparent in order to 
prevent squeakiness and off-flavor in beans that were 
under-blanched as well as softness and sloughing in beans 
that were over-blanched. Adjustments in temperature 
of blanch or time ef blanch within this temperature range 
should be sufficient for controlling sloughing and softening 


in pole snap beans for canning. (See page 357). 


High-temperature, short 
time 


Low id produc 
sterilization 


Low temperature handling of sterilized foods. I. Design 
of equipment and outline of processes used. Arnold | 
Epstein, C. Olin Ball. 


the 
zation of some low acid products are discussed. The first 


Two svstenmis tor 


high-temperature, short-time sterili 


system is a bateh operation for the production of labora 
tory-size quantities of HTST sterilized products. The 
second system simulates a continuous procedure and is 
capable of processing material by several different 
methods which are feasible for commercial application 
Soth systems are capable of handling liquid, semi-liquid, 


and discrete particle products. (See page 363). 


| 
Meter MOD 
| 
A full-fledaed line-operated 
| 
$175.- 
a3 
(complete incl. electrodes) 
~BHOTOVOLT CORP, 
95 MADISON AVE. 
12 


FOOD TECHNOLOGY 


Sensory evaluation Clonstancy of panel 
sensitivity ove 


olonae d bie riods 


Performance of flavor judges in long-term studies with 
frozen cauliflower and spinach. Mildred M. Boggs, Delpha 
W. Venstrom, Jean G. Harris, and Sumiko Shinoda. 


This short note present results of tests to determine the 


constaney of panel sensitivity in taste-tests over pro 
lonved periods. Panels were tested at the beginning and 
ut the end ot I4d-month studies vith eauliflower and 
See op 

Fro / chunoloay VWorstiure loss from 


pate 


Moisture loss from packages of frozen vegetables. Marvel 


Dare Nutting, W. ¢ Dietrich, and R. L. Olson 

Procedure and observations in this note are intended to 
supplement data on product stability of frozen peas, green 
nap be spinach, and eauliflower. It see unlikel 
that ade ( ition ear n mportant role in duality 
detertoration under commercial eonditions unless pack 
wil terials are permeable to morsture to evrenater 
that See pee 


FUTURE MEETINGS FOR FOOD 
TECHNOLOGISTS 


1960 

August 29 Second International Course on Lyophiliza 

September tion, Lyon, France 

September 1-7 Fiftl International Congress on Nutrition, 
Washingtor ID. ¢ 

i \ Se St} ” 

ng N York N 
| Conferences n Fr Drs 
g Dehwvar m Me Food 

Sponsor Re rel nil 
Dey Associates Stoel Yard Inn, 


September 20-23 Pure Food Centenary, Royal Institution of 
1, London, England 


ith Annual Instrument Symposium and Re 

reh Equipment Exhibit, National Institutes 

of Healtl Bethesda, Maryland 

October 1 j The Seventh Nationa Symposium of the 
American Vaeuum Society, Cleveland-Shera 
ton Hotel, Cleveland, Ohio 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 


1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 


May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An oper nvitation is extended t readers of FOOD TECHNOLOGY 
to send i o the Editorial Office, 11606 South Bell Avenue, Chicago 43 
IWinois notices of annu or national meetings of interest to food 


Y, 


She J 
he Cpicurean 


SEASONING 


MAGNA CONCENTROLS make available 
the flavor recipes of master chefs in the 
form of carefully balanced liquid spice 
essential oils and oleoresins, obtained 
from the finest herbs and spices. All 
of the delicious flavor of MAGNA 
CONCENTROLS is released immediately. 
Each batch of your product is uniformly 
seasoned . . . month after month 
year after year. 


It will be to your advantage for us to 
convert your crude spice formula into 
a MAGNA CONCENTROL. Send us a 
sample of your present seasoning and 
we will furnish you with a_ sufficient 
supply of the equivalent MAGNA 
CONCENTROL to season a regular size 
batch of your product, without cost or 
obligation to you. 


Since 1895 
NAGNUS 


MAGNUS, MABEE & REYNARD, Inc. 


Cessential Oils and 
a 


Concentrated Fla vores 


16 Desbrosses Street, New York 13, N. Y. 
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who make and sell 


Myvox™ Vitamin A, 

the finest vitamin A 

a margarine maker can buy, 
in a nice, clean plant 


by scientific methods 


... that’s us 


Distittation Propucts InpustRics 


is a division of 


Eastman Konak Company 


What more is there to say? 


News 


Dr. Harold W. Schultz, Head of the Department ot! 


Food and Dairy Technology at Oregon State College 


Corvallis, was installed as President-elect of the Insti 
tute of Food Technologists at the May meeting of [Fl 
in San Francisco. He will become President at the 
1961 meeting in New York. His election was an 
nounced in May following mail balloting by the 6,000 


Institute members. 

During his two years as President-elect and Presi 
dent, Dr. Schultz will visit and speak before the 27 
sections of IFT in this country and the British Co 
lumbia Section. IFT also has sections Iawaii, 
Mexico, Japan and Australia. 

Dr. Schultz has been Head of the Department of 
Food and Dairy Technology at Oregon State College 
since 1953. Before that, he 
had been with Swift and 
Company Research Labo 
ratories in Chicago, 
for 11 years—four years in 
charge of the nutrition re 
search division and seven 
years in charge of the 
meats for babies and table 
ready meats research divi 
sion 

Dr. Schultz received his 
Bachelor’s Degree from 
Colorado College in 1933 
his Master’s Degree with 


major in biochemistry from 


H. W. Schultz 


lowa State University in 

1935; and his Doctor’s Degree from Lowa State in 1937 
He was an instructor in biochemistry at Lowa State 
for a year and later was instructor in physiology at 
Ohio State University College of Medicine for three 
years. From 1940 to 1942, he was research biochemist 
with Arthur D. Little, Ine., consultant chemists and 
engineers, Cambridge, Mass., before joining Swift an 


Company. 

Principal areas of research by Schultz over thi 
years have included separation of vitamins from 
foods; nutritional values of proteins; method of ck 
termination of nutritional values of foods; chemistry 
of foods and food processing; formulation, develop 
ment, and manufacture of foods; meat chemistry and 
technology ; and irradiation sterilization of foods 

Dr. Schultz is a member of numerous professiona! 
and honor societies including Sigma Xi; Phi Kappa 
Phi; Phi Lambda Upsilon; Phi Tau Sigma; American 
Chemical Society; American Association for Ad 
vancement of Science; American Dairy Science As 
sociation; American Public Health Association. 

Ile has served on various committees of the Insti 
tute of Food Technologists and as a member of the 
advisory committees for the National Research Coun 
cil, Refrigeration Research Foundation, and Quarter 
master Food and Container Institute for the Armed 
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This texture happens to be right for a peanut butter. It 
5 

wouldn't be right for some other product. This peanut 
yutter spreads easily after a week in the refrigerator. In a 
but | ly aft k in tl fri; tor. I 

picnic basket in the sun, it won't leak oil. It has no tend- 
ency to stick to the roof of the mouth. It leaves the taste 
buds uncoated so that the full peanut flavor comes through. 


Such advantages are engineered into it with a small per- 


centage of Myverol™ Distilled Monoglycerides as an emulsifier. 


Or what else, with an emulsifier recognized as safe? Now many a food proc- 
essor can gain exceedingly fine control over the texture of his own products, and 
with an emulsifier that is exempt from the Food Additives Amendment 


Myverol Distilled Monoglycerides are prepared 


fats or oils 


distillers of monoglycerides 
made from natural fats and oils 


For information on them, write Distillation Products Industries, 
Rochester 3, N. Y. Sales offices: New York and Chicago « W. M. Gi 
West Coast ¢ Charles Albert Smith Limited, 


Or this could be the finale of some nifty work with emul- 


sifiers and texture in a cake batter. Here the right type and 


amount of Myverol Distilled Monoglycerides gives the batter 


a wide size distribution of air bubbles with relatively weak 
walls that break gently during baking, and extra fat in 
the gluten-and 


1 
Result: a good cake 


reserve to lubricate starch scaffold as it 


rises in the oven Excellent volume, 


fine and even grain, thin cell walls, whiteness. 


from the glycerolysis of edi 
lies, Inc 


Montreal and Toronto 


Also ... vitamin A in bulk 


for foods and pharmaceuticals 
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Born to the purple... Beckman’s new, low-cost UV. The DB* is a double-beam 


ultraviolet spectrophotometer for either automatic recording or direct-reading manual 
operation...at a price every laboratory can now afford. It complements the distinguished 
Beckman line of UV spectrophotometers, the DU® and DK providing exceptional resolu- 
tion with additional measurement versatility through attachments for flame photometry, 
etc. The new DB covers a wide wavelength range from 220 to 770u, features simplicity of 
operation and programmed or manual slit systems for optimum resolution; stray radiation 
is less than 0.5% at 220u, photometric repeatability is + 0.01 absorbance units at 0.400 
absorbance. *\ A new accessory, the Beckman Potentiometric Laboratory Recorder adapts 
the DB for true ‘oT recording, differential analyses, and reaction-rate studies. The versatile 
recorder also is ideal for use with pH meters or other laboratory instruments. ™ Ask your 
Beckman laboratory apparatus dealer for additional information about the new, low- 
cost DB and recorder, or write for Data File 54-7-03. Beckmar 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc 
2500 Fullerton Road, Fullertor 


California 
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The Thiobarbituric Acid Test in 
Irradiation-Sterilized 


Norman L. Smith,’ lan J. Tinsley, 
and E. C. Bubl 


Manuscript received February 8 196 Department of Agricultural Chemis 


try, Oregon State College, Corvallis, 


of the experiment Cnr Model LL recording spectrophotometer 
HE THIOBARBITURIC ACID (TBA ail 


color reaction has been used extensively to measure RESULT 
rancidity in lipide containing products (8, 9). This . 8 
same reaction has also been used as a measure of the 1. Spectrophotometric and chromatographic studies. On heat 


changes induced in products sterilized with ionizing h the TBA reagent in boil 


: ug water, cooling I ntrifuging, the s ernatant turns al 
radiation. Wertheim and Proctor (11) investigated as ee 
nge colo! The effec ng til ‘ color development 
the nature of the TBA reaction with gamma-irradi shown in Figure 1, Absorption 1 - -clantendl af 
ated milk. These workers concluded that although the 54 mme and 534 mm« 
TBA reaction correlated with the level of irradiation, 
the irradiation induced TBA reactants were not as ———+ —— 
sociated with the off-flavors developed. Similar results o7L at | 
have been obtained in a study of the TBA reaction in 
rradiated beef (2) 
Malonaldehyde has been suggested as the component 0-6, 4 
n lipid containing products which is responsible for | 
‘ 
the red color formed with thiobarbiturie acid (4, 6, 7). | i 
05 3 
A number of compounds, in addition to malonalde- ry 7 
/2\ 
hyde, known to produce a red color with this reagent Tax 
3 
have been summarized by Smith (9). Such com- 0-4|/ ’ / 


pounds would inelude glyoxal, paradimethylamino @ LJ \\ / 
benzaldehyde and various pyrimidines. This work 5 ine / 
has been designed to study the nature of the TBA re 03, \ 

action with irradiated beef 


EXPERIMENTAL PROCEDURES 


Preparation and irradiation of samples. Commercially ground 


heef s nples containing pproximan 7 moisture and 15¢ 
fat were | from t rgai. Packing plant in Albany, 
Oregon ximately 450 g of sample were placed in a No 
”’ C-enamel ean and vacuum sealed. The cans were frozen and "430 460 490 ic 
shipped to the Materials Testing Reactor at Idaho Falls, Idaho, 
where the samples received the specified dose. Spent fuel rods WAVELEN r 
were the radiation soures The san ples were shipped to Oregon 7 : 
State College in the frozen stat ind held frozen until used Figure 1, E ffect ol heating time at 100°C on the TBA re- 
Thiobarbituric acid reagent. Thiobarbiturie acid reagent re action with beef irradiated at 3.7 x 10° rad. 1, 5 min; 2, 10 min; 
ferred to in the following procedures was prepared using 0.72% 3, 20 min; 4, 60 min. 
»thiobarbiturie acid BAK Ce No. 660 (w/v), with aqueous 
15% trichloroacetic acid TCA) as the solvent. Fresh reagent - 7 j 
\fter 5 min heating Sorption t 404 mme 1s 
prone ip before each experiment; solutions older than 1 
dl decreas ng and then increases 
1?-15 hr were not uses W he reacted with meat samples, a z 
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Figure 2. Spectral curves of glyoxal-TBA and malonaldehyde- 
TBA pigments. 1—malonaldehyde; 2—glyoxal-reaction carried 
out 100° C for 10 min; 3—glyoxal-reaction carried out at room 
temperature for 24 hours. 


(2) and thus the nature of the components giving rise to this 
absorption maximum have been investigated more thoroughly. 
The absorption maximum at 534 mme corresponds to that of 
malonaldehyde-TBA pigment (Figure however, chromato 
graphic experiments have indicated that a glyoxal-TBA pig 
ment also contributes to the absorption in this region. 

The pigment absorbing at 534 mme was purified by absorp 
tion on cellulose powder (3) eliminating the yellow pigment 
present in the reaction mixture which is not absorbed. The 
cellulose on which the pigment was absorbed was dried and 
then extracted with ether in a Soxhlet apparatus to remove any 
exeess free thiobarbituric acid. The pigment was eluted from 
the cellulose with warm water and evaporated to dryness under 
vucuum, giving an amorphous red powder. 

The purified pigment obtained from the irradiated meat 
sample was compared on paper chromatograms with pigments 
prepared from glyoxal and malonaldehyde. Two different sol 
vents were used, No 1, isopropanol (10 parts), 98% formic 
, water (100 parts), and phenol (S0 parts) on a 
phenol saturated with 


acid (10 parts 
weight for weight basis, and No. 
water. System No. 1 was allowed to equilibrate for 24 hr and 
the upper fraction was used. The use of borate buffered papers 
at pH 8.7 was found to give improved definition of spots in 


these solvent systems. 


CHCls Extracts 


Extract twice 
with H:O 


Aqueous CHCls 
Fraction Fraction 
(15) (27) 
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Irradiated Meat 
Sample 


Figure 3. Extraction scheme for irradiated beef. 


The Re values of the different pigments and absorption 
maxima determined after elution of the spots are given in 
Table 1. 
TABLE 1 


R, values and absorption maxima of TBA-pigments separated by 
paper chromatography 


R 


Spot Absorption 
Spo | 
Solvent No1 | Solvent No2 | ™4*™™ 
Meat-TBA No 1... 13 28 534 
Meat-TBA No 2 25 O8 552 
Malonaldehyde TBA 14 27 534 
Glyoxal- TBA No 1 24 08 552 
Glyoxal-TBA No 2....... 45 06 525 


The two spots separated from the purified meat-TBA pig 
ment thus corresponded to the malonaldehyde-TBA pigment and 
to one of the pigments produced in the reaction of thiobarbi 
turie acid and glyoxal. 

2. Nature of thiobarbituric acid pigment precursors in irradi- 
ated beef. To obtain some information regarding the nature of 
the TBA pigment preeursors of irradiated beef, the extraction 
scheme of Figure 3 was followed. 

The chloroform extract was prepared by mixing the samplk 
in a Waring blender, shaking for 15 min and finally centri 
fuging. Preliminary experiments had indicated that one such 
extraction was adequate to remove the chloroform-soluble thio 
barbituric acid pigment precursors. Aliquots of the 4 residual! 
fractions were treated with the TBA reagent and the absorbance)» 
at 525 mme determined. The percentage of color forming com 
ponents in each fraction is indicated in Figure 1. 

After extractibn with both chloroform and water a consider 
able portion of the TBA pigment precursors was retained in 
the solid residue. Apparently this portion is bound in some 
insoluble form. The following experiment was carried out to 
determine the efficacy of trichloroacetic acid hydrolysis in 
releasing these components. 

Duplicate portions of irradiated meat were refluxed for 25 
min, one in 15% trichloracetic acid and the other in distilled 
water as a control. The residues were filtered off and extracted 
with chloroform. Aliquots of the aqueous extracts, chloroform 
extracts and the residue were treated with the TBA reagent 
and the absorbancy at 525 mme measured. The percentage of 
the total pigment formed is tabulated for each fraction in 
Table 2. 

It is apparent that the trichloracetic acid treatment effec 
tively releases the greater portion of the bound TBA pigment 
precursors in a water soluble form. 

The effect of dialysis on the distribution of the TBA pig 
ment precursors was also studied. After blending a portion of 
the irradiated meat in water with a Waring blender, the tissue 
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TBA TEST APPLIED TO TRRADIATION-STERILIZE] 


TABLE 2 


Per cent of total absorbancy at 525 mmc of different extracts 
of irradiated beef 


Trichloracetic Distilled 


cid treated water 
Aqueous 64 
Chioroforr 29 $2 
Residue 8 


was further homogenized in a Potter-Elvehjem homogenizer. 
The fibrous material was removed and the homogenate divided 
into two portions. One portion was dialized in a cellophane 
bag against cold, running tap water for 25 hr. The second 
After 
dialysis both portions were treated with TBA reagent, diluted 


portion was refrigerated to act as a control sample. 


to the same volume and the absorbancy measured at 525 mme 
Dialysis for 25 hr resulted in a loss of 50% of the colo 
forming precursors. Extending the time of dialysis to 50 hr 
did not result in any further loss of the TBA pigment pre 
cursors. Comparing these results to the preceding experiment 


it would appear that d sis results in a release of a further 


portion of the bound precursors. 


Summarizing these experiments one is able to say that 
25-30% of the color-forming precursors are present in a chloro 
form soluble form, another 30-35% are water soluble. A con 
siderable portion of the latter is also soluble in chloroform, 
possibly as phospholipide type complex. A large portion of 
the color-forming precursors remain bound in an_ insoluble 
forn Prolonged dialyses releases a portion of the bound color 


forming precursors but refluxing with 15% trichloracetie acid 


results in the release of almost all the color-forming precursors 


DISCUSSION 


Irradiation of beef with y-rays induces the forma 


tion of components which reaet with thiobarbituric 


acid to give an intense red color. Two red pigments 


have been isolated from the reaction mixture, one 


with an absorption maximum at 534 mme and the 
other with an absorption maximum at 552 mme. The 
produced from 


thiobarbituric 


former corresponds to the pigment 


the reaction of malonaldehyde with 
acid The 
pigments produced from the reaction of glyoxal with 
The reason that the two glyoxal 
observed in the meat-TBA 


It is possible that conditions 


latter is identical with one of the two red 


thiobarbituric acid 
type pigments are not 
system is not known 
prevailing in the meat-TBA system differ from those 
of a model system of glyoxal-TBA to such a degree 
that the pigment with an absorption maximum at 
525 mme is not formed in the former system. Several 
observations would lend support to this hypothesis. 
Two identical samples of irradiated beef were taken 
and to one was added a known amount oft glyoxal. 
Soth samples were then reacted in the usual manner 
with TBA reagent and a difference spectrum was 
obtained, comparing the meat plus glyoxal system to 
the straight systetm. In the absence of any 
modification of the glyoxal-TBA 
presence of the meat, the difference spectrum should 


meat 
reaction in the 
corespond to the spectrum obtained by reacting an 
equivalent amount of glyoxal with the TBA reagent 
under similar conditions. The difference spectrum 
shows absorption maxima at 525 and 552 mme charac- 
teristic of the glyoxal-TBA system, however in com- 
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parison with the latter the absorption at 525 mme is 
considerably reduced 

Some studies in model systems of the reaction of 
glyoxal with thiobarbituric indicate that the concen- 
trations of the two pigments formed is modified by the 
concentration of thiobarbituric acid in the reaction 
mixture. Over the concentration range at which the 


absorption at 552 mme remains constant a decrease 


in thiobarbituric acid concentration results in a 
marked decrease in absorbance at 525 mme. In a meat 
sample there are many extraneous components which 
might with the thiobarbituric acid, thus re- 


ducing the effective thiobarbituric acid concentration 


react 


relative to the reaction of glyoxal with thiobarbituric 
Additional evidence for the 
presence of glyoxal in irradiated beef has been ob- 


acid in a model System 


tained using the specific colorimetric test described by 
Ariyama (1). 
The form of the 


beef samples is not well defined 


hiobarbituric acid reactants in the 
some are fairly 
weakly bound, being removed by dials sis, whereas a 
large proportion of these components are in a bound 
acid hydrolysis. The 


form; only being released by 


fact that a large percentage of these components is 
tightly bound and only released under rather drastic 
conditions might account for the failure to correlate 
the TBA test witl evaluation of off-flavors 
induced by this process 


sensory 


Irradiation induced oxidation of 
the doubl 


polyunsaturated 
bonds are separated 
3 carbon 
With 


bonds in the oxidation process it 


fatty acids in which 
by a methylene group could give rise to a 


fragment eorresponding to malonaldehyde. 
migration of doub! 
iation of a two ¢ar- 
In addition, 


glyoxal has been identified as a breakdown product of 


is possible to account for the for 
bon fragment corresponding to glyoxal 
irradiated serine (10) and also of 
>). Henee, the glyoxal of irradiated beef eould be 
lerived from proteinaceous as well as carbohydrate 
and lipide material. At the present time the TBA re- 
formation of the 534 mme 


absorption maximum constitutes the only evidence for 


irradiated glucose 


action resulting in the 


the formation of the 3 carbon fragment in oxidized 


lipide containing products 


SUMMARY 


Beef, irradiated with y-rays gives an intense color 
reaction with thiobarbituric acid. The red color pro- 
duced in this reaction has been shown to be due to the 
formation of two pigments with absorption maxima 


at 534 mme and 552 mme. The 


former corresponded 
to the pigment produced in the reaction of malonalde- 
hyde thiobarbituric acid and the latter cor- 
responds to one of the pigments produced in the re- 


with 


with 


hiobarbituric acid. Some 
ide of the 


precursors in the irradiated beef 


action of glyoxal 


studies have been mi: nature of the color 
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for Added Glutamate in Foods 
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‘Tus stupy of monosodium gluta- 
mate as a food flavor adjunct and as a possible flavor 
stabilizing agent in stored products was an attempt to 
resolve some of the conflicting reports and views in 
popular and technical literature on glutamate proper- 
ties. Mosel and Kantrowitz (10) after discussing rea- 
sons for some of the confusion regarding taste proper- 
ties of glutamate, stated that ‘‘the only thing that 
seems certain from existing data is that MSG ean 
change the flavor of food, usually in the direction of 
increased palatability.’’ It is generally agreed that 
glutamate has a ‘‘sweet salty’’ taste, but beyond that 
there is considerable uncertainty. Differences in ob- 
jectives of the various studies as well as differences in 
methods contribute to the uncertainty. Some pub- 
lished reports are based on casual observation and 
individual opinion ; others are limited to tests of 
threshold values or detection of differences at sub- 
threshold concentration in water. 

Interest in glutamate has a distinctly practical basis 
because of obvious economic implications. Potential 
users need assurance that by addition of glutamate 
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they are adding something to their products that 


could not be accomplished more cheaply by the addi 
tion of salt. It is also important to know to what 
extent salt, fat, seasoning, and thickening levels of a 
product influence effectiveness of added glutamate, 
whether recommended levels must be adjusted for 
formula variations, and the reason for different 
recommended levels in various products. A level of 
0.15% is recommended for most products, but levels 
as low as 0.10 and as high as 0.25% are recommended 
for a few (1, 2). If glutamate has the antioxidant 
properties reported (73), comparison with other anti 
oxidants would be in order. Because of its wide usage 
in canned products, assurance that it is not lost or 
altered in) commercial heat processing would be 
appreciated. 

The interrelation between NaCl and glutamate has 
aroused the interest of a number of investigators; a 
few have studied the effect of fat, thickenings, and 
seasonings on detection of glutamate. Sjéstrém ef al 
(15) reported that while glutamate has some. salt 
value, it cannot fully replace salt in foods. They and 
others (3, 6) reported that the effect of glutamate on 
saltiness and other flavors varied with the concentra 
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ing agents such as gums, flour, and starches, higher 


11) reported that in the presence of thicken 


glutamate levels are required than in unthickened 


stated that thickening agents act as 


products. He 


favor and selectively mask certain 
than others. ¢ 
1% solutions of carboxymethyl cellulose suppressed 
He also 


reported non 


diluents of may 


flavors more airneross (3) reported that 
‘t of low concentrations of glutamate 
that addition of fat to 


gravies thickened 


well-seasoned 


meat with cereal thickening agents 


suppressed flavor, and that glutamate has more influ 
enee in fat-free foods than it has when fat is present 
Fellers 
spreads as much as 1‘ 
higher level than he 


The composition of the pastes and spreads 


reported that in fish pastes and sandwich 


glutamate can be used, a con 


siderably suggested for other fish 
products 
was not indicated, and no reason for the higher recom 
mended level was suggested 

The studies reported in this paper were designed to 
influence of these and other factors 
They 


some influence on effee 


assess the relative 
on the 
that at 
tiveness of glutamate addition, and have demonstrated 


letection of glutamate. have confirmed 


imber of factors have 
that the inherent level of glutamate in the product has 
a major influence on the effectiveness of added gluta- 
mate, However, in the final analysis the usefulness of 
will depend on whether it has a 
the food 


under consideration, and particularly whether supple 


adding glutamate 


favorable effect on consume preference for 


ments of glutamate have a more favorable effect on 


ean be obtained 


Therefore, 


consumer preference for foods than 


by supplements of less expensive NaCl 
limited consumer-type tests have been condueted, the 
inclicate the 


more extensive tests under particular conditions, 


results of which should isefulness of 


METHODS 


Sensory tests. Most of the 
idded glutamate, conducted with 


studies reported here are based on 


detection of i panel of judges 
tamate in side by side 


added 
d by 


letecting added gl 
without 


eflecte 


selected acuity in 


comparison of produets, with and glutamate 


detection is considered frequeney 


Approximately 40 


tested for their ability 


Relative ease of 
members of the aboratory 


to detect 
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of deteetion 
staff 


products, and the best of 


were glutamate in various 


one-third were used, 6 


to 10 per panel 


The duo-trio test was used for selection of the judges and 


for the experiments, In this test sample X containing no glu 
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tion of added glutamate, the level of salt, and the tamate, was presente 
character of the original product. Lockhart and 
Gainer (9) found no increase in the saltiness of NaCl 
solutions by the addition of subthreshold glutamate the same as the eo! 
levels. Crocker (4) in tests with over a dozen amino ction of thi 
acids, reported that saltiness was evident only in the n the table as dete 
sodium salt of L glutamic acid. Fellers (5) mal Pr efficie 
stated that excessive salt covers up the glutamate pairs at each test 
flavor. Galvin (7) expressed the view, after studies ie without affecting 
on simple systems using a distilled water base, that the literature or 
particular attention should be paid to salt, pH, and 
sweetness to obtain maximum benefit from glutamate aie - Any 
He also stated that salt must be present to produce a a hig ae 
useful glutamate taste. Mosel and Kantrowitz (10) nalyzed at 
found that exposure to a 5-threshold solution of gluta a The 
mate did not affect taste acuity to NaCl ' v7 bi 


nee identification of X 
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were presented singly, alternating from one product to the 
other; judges were asked whether they were like or unlike the 
controls. The days on which this test was conducted were ran- 
domly interspersed among the days of the duo-trio test. Since 
the preliminary tests showed it was more difficult for the judges 
to determine differences with the single sample test than with 
side-by-side comparisons, higher levels of glutamate were used 
in the former. 

Sample preparation. Preparation of products and formulas 
used in Sections A and C under ‘‘ Results’’ are as follows: 

Chicken broth. A uniform lot of hens (200) was simmered 
with 1 part of water per 1.8 parts of chicken in covered stain- 
less steel kettles for 3 hours. The broth obtained was separated 
from the fat, canned without further heat processing, frozen, 
and stored at —20° F. until needed. Normal salt seasonings of 
either 0.50 or 0.75% were used in comparisons reported in 
Table 2, as these levels were considered neither too bland nor 
too salty by the panel. The following ingredients were added 
to the chicken broth for items 1—9 reported in Table 3: 

l. None. 
2. 0.5% earboxymethyleellulose. 
3. 2.99% all purpose wheat flour. 
4. No. 3 3.8% bland vegetable fat. 
5. No. 3 + 3.80 chicken fat. 
6. No. 4 + 0.04% pepper. 
7. No. 6 + 0.02% sage, 0.04% onion salt. 


8. No. 4+ 0.04% pepper, 0.02% sage, 2.2% diced onion, 9% 


diced celery, rice. 


9, No. 8, blended. 


Glutamate was added by diluting with water to a 2% solu 
tion, and pipetting the necessary amounts into the soup and 
a la king. Water containing no glutamate was added to the 
control sample to give equal dilution. 

Turkey a la king. Turkeys weighing approximately 20 Ib. 
were simmered in water and deboned. A white sauce was pre 
pared containing turkey stock, turkey fat, milk, flour, and salt. 
The turkey a la king as prepared contained the following 
ingredients: 


Ingredient Per cent 
Turkey, deboned, diced 24.10 
Turkey stock 33.10 
Turkey fat (separated from the stock ) 5.15 
Flour, all purpose wheat 1.85 
Waxy rice flour (to prevent separation 
during freezing) 2 62 
Milk 19.16 
Salt 0.76 
Egg yolks, hard cooked, chopped 5.90 
Onion, chopped, sauteed 0.53 
Green pepper, chopped, sauteed 0.99 
Canned mushrooms 3.78 
Pimentos, canned, diced 2 06 


Pork sausage. Pork trimmings obtained from a large com- 
mercial meat packing plant were ground twice (coarse and 
medium) through the meat grinder attachment of a No. A-200 
Hobart mixer, and mixed for approximately 3 min on speed 1 
with the dough hook. The seasoning mixture containing the 
following ingredients, expressed as per cent of sausage weight, 
was added before mixing and grinding: 


Salt 1.0% 
Pepper 0.2% 
Sage 0.26% 


This lot of sausage contained 60% fat. Salt and glutamate 
supplements were added with uniform mixing before cooking. 
Sausage was brought to the desired glutamate concentration 
by adding glutamate solution, which raised the moisture con 
tent 1%. 

Frozen vegetables were cooked following package directions 
with 1.5% NaCl by weight of the vegetables added to the cook 
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ing water. Vegetables were drained, mixed, and separated for 
butter (3%) and glutamate addition. A 2% glutamate solution 
was added to one part of the melted butter. An equal amount 
of water was added to the butter to be mixed with the control. 
Total water added was about 1%. These butter-water-glutamate 
mixtures were added to the vegetables and thoroughly mixed. 

One volume of dehydrofrozen peas was added to 3 volumes 
of cold water containing 1.63% NaCl and amounts of gluta 
mate determined by preliminary analyses to be needed to assure 
the desired glutamate level in the peas served. They were 
brought to a boil and cooked for 8 minutes. 

Crab was prepared in two forms: crab in cheese sauce and 
crab eakes, For the first product two parts of erab meat were 
added to 3 parts of medium thick white sauce containing 21% 
grated sharp cheddar cheese. The crab cakes contained erab 
meat, bread crumbs, whole eggs, chopped sauteed onion, oleo, 
mustard, Worcestershire sauce, and salt. The eakes were 
shaped, rolled in flour, deep fat fried until brown, frozen, and 
reheated as needed for the panel. 

Goose liver paste was prepared by combining the following 
ingredients: 


Ingredient Per cent 


Livers, steamed, ground 59.0 
Onions, chopped, sauteed, ground 9.75 
Oleomargarine 29.75 
Salt 1.04 
Thyme 0.086 
Black pepper 0.086 
Paprika 1.086 
Nutmeg 1.172 


The a la king, sausage, crab products, and liver paste wer 
sealed in eans and stored at —20° F until needed. 

For tests of NaCl addition reported in Table 4, chicken 
broth and turkey a la king were the same as in Table 3 with 
the indicated variations in levels of NaCl. 

Cream of chicken soup was prepared by combining and bring 
ing slowly to a boil the following ingredients: 


Ingredient 


Chicken broth 88.90 
Dry skim milk solids 7.20 
Waxy rice flour 2.90 
Salt 0.80 
Onion powder 0.082 
Black pepper 0.025 
Sage 0.020 


Levels of NaCl were varied as indicated in Table 4. 

Chicken liver paste was prepared as the goose liver past: 
previously deseribed, with indicated NaCl levels (Table 4 
For the test of added seasonings, two levels were added to 
cream of chicken broth, the level above and half that level! 
Three levels were added to pork sausage, the level used pre 
viously, a lower, and a higher level (7 times the lower level 
Two levels were added to the turkey-chicken liver paste. For 
the test of added thickenings, the cream of chicken soup 
formula above was used with the two levels of thickening indi 
cated in Table 4. For the test of level of fat, chicken liver 
paste was prepared with and without added bland hydrogenated 
vegetable fat. Fat content of the former was estimated to be 
approximately 30% and of the latter, approximately 4%. 

Blue lake green beans, size 4, were obtained with ends re 
moved, from the line of a large commercial canning plant. The 
beans were washed, cut into approximately one inch pieces, 
steam blanched at 180° F for 1% min, and cooled in a cold 
water spray. They were weighed into enameled cans, 303 x 404, 
and divided into groups for the addition of brines containing 
glutamate or varying amounts of NaCl, depending upon the 
level desired for consumer evaluation. On the assumption that 
the salt and glutamate added in the brine would become evenly 
distributed throughout the contents during canning, these in 
gredients were added in quantities required to give NaCl con 
centrations ranging from 0.8 to 1.0% and a glutamate concen 
tration of 0.15% in the drained beans after processing. War 
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burg analyses showed a glutamate content of 0.11 to 0.15% 
in the beans, 

The base levels of NaCl used in the consumer test produets 
were within the 0.5 to 1.0% levels used in the previous tests. 
Levels of glutamate that have been added to poultry products 
range from 0.09 to 0.75%. Levels recommended by the Gluta 
mate Manufacturers’ Technical Committee in their pamphlet, 
The Value of Glutamat in Processed Meat and Poultry, are 
0.12 or 0.15% for the following products: whole frozen boned 
turkey, frozen chicken and turkey pies, frozen chicken a la 
king, canned whole chicken, canned boned chicken or turkey, 
eanned chicken frieasee, canned chicken or turkey a la king, 
and fresh poultry (1). The level of glutamate selected for 
these consumer tests was the higher of the recommended levels, 
0.15%, and levels above 0.15% because of their interest if the 
0.15% level showed no beneficial effect. One of each pair of 
samples was supplemented with glutamate, the other with 0 to 
0.3% NaCl. 

Determination of glutamate concentration. Glutamate concen 
tration was determined by the enzymatie decarboxylation 
method of Rogers et al (14 The enzyme used was prepared 
from E. coli, ATC 11246, according to Najjar (12), modified 
to remove the glutamine, lysine, arginine, and histidine de 
carboxylase activities by incubating a 2% suspension of the 
original acetone powder in 0.3N acetate buffer (pH 5.0) at 
35°C for 64 hr. 


enzyme on these acids eonfirmed removal of dec irboxy ase 


Negative results on tests of the modified 


activities. This suspension was frozen in 2 ml aliquots for use, 


since further handling greatly lowered the remaining glutamic 


neid decarboxviase activi 


t\ 


Fifty grams of the product to be analyzed were homogenized 
in a blender with sufficient water volumes to permit 
iceurate measurement Analyses were eonducted on 1.8 ml of 
this mixture, 0.5 ml of 0.1N acetate buffer, pH 5.1, and enzyme 
sufficient to complete the reaction in 30 to 45 min. The free 
glutamate concentration was expressed in micromoles of gluta 


mate per gram of original s imple 


RESULTS 


A. Ease of detecting glutamate in foods of vary 
ing character, composition, and concentration of in 
gredients. Glutamate is normally used as a supplement 
to foods containing NaCl. Therefore, a test was de- 
signed to determine whether a supplement of mono- 
sodium glutamate was more readily detectable than a 
supplement of sodium chloride when these supple 
ments were added to chicken broth containing normal 
amounts of NaCl 
containing either 0.50 or 0.75% NaCl with these 


Judges compared chicken broths 


broths containing either added glutamate or added 
salt in amounts shown in Table 2. The amounts of 
added glutamate and added salt are nearly equimolar, 
and therefore contain nearly equivalent amounts of 
sodium ion, equalizing any taste effect of the sodium 
part of added glutamate or salt. The difference be- 
tween the last two columns shows that added gluta- 
mate ion was more readily detected than added chlo- 
ride ion in broth containing either 0.50 or 0.75% 
NaCl. 

Results of this test not only demonstrated the 
characteristic flavor of the glutamate ion compared 
with the chloride ion but also supported the usefulness 
of further tests to determine how the flavor contribu- 
tion of glutamate is influenced by salt level in the 
product, and whether this characteristic flavor, 
readily detected by a selected panel, influences con- 
sumer preference for samples containing bot: added 


glutamate and NaCl 


TABLE 2 


Detection of added monosodium glutamate and chloride in nearly 
equimolar amounts, and hence nearly equal sodium 
concentrations, in chicken broth 


Amount Detectior 
It of added Detection 
n stock Glutamate additior Sa dditior to of added 
o gluts 
th mate? salt 
0 7 ) 73 
l 71 
) 65 
7 I 4 4 69 
RR 
The orders of presenting lucts fe oth base levels of sodium 
ide and for a odiun i eme ere randomized together 
The total 1 f dg f nple was 48 (duo-trio 
ompar st additive) Per cent 
detections reported ere a t significant at the 5% level or 


Glutamate was added to foods of varying character 
and composition to obtain information on factors that 
influence its detection. The levels of glutamate added 
were intended to be sufficiently above threshold levels 
for the panel members so that the relative ease of de- 
tecting glutamate in the foods would be apparent. 
The percentages of correct judgments differed con- 
siderably for equal additions of glutamate (Table 3, 
products 1-13), and larger amounts of glutamate 
were required for approximately equal detection in 
some foods than in others (products 14-17 

Glutamate was detected most readily in chicken 
broth, the simplest product tested. It was detected in 
95% of the possible judgments by 3 panel members 
at a concentration of 0.015% and by the remainder at 

concentration of 0.04%. Thickening, fat, and sea- 
sonings in the amounts added decreased the ease of 
detection to a smal! exte) Glutamate was readily 
detected even in pork sausage in spite of its higher 
flavor and seasoning content. But in frozen peas, 
glutamate was not detected at levels corresponding to 
those used in the various soups, turkey a la king, pork 
sausage, and frozen beans. The panel detected gluta- 
mate in the erab products less frequently than in all 
the previous products except peas; even higher ievels 
of glutamate did not give equivalent detection. Gluta- 
mate was least frequently detected in the goose liver 
paste; 0.20% added glutamate was required for sig- 
nificant detection. The makeup of the panels was not 
always identical from one product to another because 
of absences, allergies, or dislike of some foods. Also, 
In spite of 
some variations, there seems little reason to doubt the 


the total number of judgments differed 


generally less frequent (and therefore more difficult ) 
deteetion in the erab prod cts, peas, and roose liver 
paste 

The great difference in the ease with which gluta- 
mate was detected in products reported in Table 3 
indieated the need for additional tests of the specific 
effects on glutamate detection of added NaCl, season- 
ings, fat, and thickenings in foods at levels at which 
these variables might reasonably be used. Chicken 
broth, turkey a la king, cream of chicken soup, and 
pork sausage were selected for tests of the effect of 
NaCl level on glutamate detection because NaCl could 
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TABLE 3 
Relative ease of detecting glutamate in various food products’ 
Detection 


of added 


glutamate 


Total Added 


Product 
odu judgments glutamate 


Chicken broth 
Broth + carboxymethy 


x 


cellulose 

Broth + flour 

Broth, flour, bland 
vegetable fat 

Broth, flour, chicken fat 

No. 5 + pepper 

No. 6 + sage, onton salt 

No. 6 + sage, diced cele 
onion, rice 

No. 8, blended 

Turkey a la king 


Pork sausage 


a} «3 


od 


Frozen green beans 


Frozen green peas 


Dehydrofrozen peas 


Crab and cheese sauce 


Crab cakes 


17. Goose liver paste 


The order of presenting products as randomized for products 1-15 
After these products were tested by the original panel, additional 
panelists were selected, and they together with members of the original 
panel re-evaluated five products: 1, 2, 3, 5, and 7. Since the results 
were similar to those of the first series, the combined results for the two 
tests are shown in the table. The order of presenting products contain 
ing different glutamate levels was randomized for products 15—17 
rrresponding to the different abilities of panel 
members to detect glutamate (determined in preliminary tests) were used 
in products 1 to 1 The duo-trio test was used; pairs of samples, with 


Glutamate levels 


and without glutamate, were compared directly with a sample contain 


ing no glutamate. Higher levels of glutamate used in products 14 to 17 
were indicated from preliminary tests showing inability of panel to de 
tect glutamate at lower levels 

Three asterisks, two, and one indicate respectively 0.1, 1.0, and 


5.0% levels of probability 


easily be added to them at required levels, they repre- 
sent considerably different levels of over-all flavor, 
and they are of commercial interest. For similar rea- 
sons cream of chicken soup, pork sausage, and liver 
paste were selected for tests of the effect of seasoning 
level; cream of chicken soup for tests of thickening 
level; and chicken liver paste for tests of fat level. 
The thickening and fat levels were chosen to represent 
relatively high and low levels that might be used in 
preparing these foods. 

In chicken broth and in turkey a la king containing 
two levels of NaCl, two to three times the amounts of 
glutamate needed for detection at the lower NaCl 
level were needed for approximately equivalent de- 
tection at the higher NaCl level. However, the one 
level of glutamate tested in cream of chicken soup 
was detected equally well at two salt levels, and a rela- 
tively high level of glutamate was not detected at 
either of two salt levels in liver paste (Table 4). 

Reducing the seasoning level in the eream_ of 
chicken soup and liver paste did not inerease the ease 
of detection of added glutamate in these products. A 
7-fold difference in seasoning level did not affect 
detection of glutamate in pork sausage. Increasing 
the thickening agent made glutamate detection easier 
in cream of chicken soup. <A 7-fold difference in fat 
level did not affect glutamate detection in chicken 
liver paste. 


The results obtained with variation in level of the 
thickening agent illustrate the complicated interrela- 
tionships of the factors comprising flavors. Contrary 
to expectations, glutamate was more difficult to detect 
in the thin soup than in the very thick soup. Com 
ments of the judges indicated that other seasonings 
were much more noticeable in the thin soup, possibly 
objectionably so. 

An additional test was made to verify this impres 
sion. Three soups were presented ; a thick soup and a 
thin soup with equal seasonings (the level of the first 
test), and a thin soup containing half the above level 
of seasoning. The judges were asked to rank the 3 
samples in order of intensity of seasoning. The 9 
judges correctly ranked the two thin soups containing 
different seasoning levels. Eight of these 9 judges, 
however, ranked the thin soup higher in intensity of 
seasoning than the thick soup of identical seasoning 
level, indicating that the thickening did mask some 
of the seasoning effect. Thus, varying the thickening 
agent may have had its effect on glutamate detection 
in an indirect manner by changing the apparent level 
of seasonings that were actually at the same level 
Results on pork sausage, in which a 7-fold increase in 
seasoning level did not interfere with glutamate de 
tection, seem contradictory to the above theory. How 
ever, in the sausage the panel did not find even the 


highest seasoning level inappropriate (or objection 
able) and much higher levels would probably be 
needed for interference with glutamate detection. 

B. Relation between inherent glutamate levels in 
foods and detection of added glutamate. A compari 


son of the ease with which added glutamate is 
detected in foods (Tables 3 and 4) and the natural 
glutamate content of these foods (Table 5) indicates a 
striking relationship. Foods in which glutamate is 
readily detected, such as chicken broth, cream of 
chicken soup, and pork sausage, have a relatively low 
natural glutamate content (0.01—0.02 
which it is not readily detected, such as poultry liver 


Those it 


paste and frozen peas, have a relatively high gluta 
mate content (0.19-0.36). Natural glutamate content, 
therefore, appears to be the most reasonable basis yet 
considered for recommending levels for glutamate 
addition. 

Lower glutamate content probably accounted for 
most of the improvement in detection of glutamate in 
the particular sample of dehydrofrozen peas used 
(0.05% glutamate) compared to the frozen peas used 
(0.34% glutamate). However, added glutamate was 
more difficult to detect in the dehydrofrozen peas, 
beans, and erab products than might be expected from 
knowledge of their inherent glutamate content. Lack 
of homogeneity and difficulty in incorporating gluta 
mate uniformly in the discrete particles do not appear 
to explain the discrepancy completely, as indicated 
by the following: (1) added glutamate was detected 
as readily in broth with added diced celery and rice 
(Item 8, Table 3) as in the blended product (Item 9), 
(2) in dehydrofrozen peas containing approximately 
0.19% glutamate, glutamate additions of 0.10% and 
0.15% were not detected to any extent greater than 
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The self-mailing coupon originally 
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organization. To get your free sample 
of Krafen, please clip this additiona! 
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(Kraft’s spray-dried sweet whey) 


If you use a dairy ingredient in manufacturing baked 
goods, frozen foods, dry mixes, sauces, processed 
foods, confections or ice cream, replace it with 
Krafen and... 


Bring Out Flavor normally masked by high protein 
levels in other dairy ingredients. The milk sugars in 
Krafen allow flavor to come through stronger. This 
means that frozen food manufacturers, for example, 
save substantially on the use of expensive seasonings. 


Extend Shelf Life of your baked goods by a profit- 
able margin due to Krafen's unusually high moisture- 
retaining properties. 


Improve Texture of your piecrusts—get a flakier, 
more tender crust free from sogginess. 


Save up to 5¢ a Pound on dairy solid costs by using 
Krafen—and still be assured that you're using a su- 
perior replacement for your present ingredient. For 
Krafen is a high-quality, low-bacteria dairy ingredient 
produced by Kraft under conditions of maximum sani- 
tation in one of the world's largest whey plants. Why 
i not experiment with Krafen in your new products as 
well as present products. Send for your free test 


sample today. 
KRAFT FOODS INDUSTRIAL DIVISION, Chicago 9, lll. 
Gentlemen: | would like to test KRAFEN in my prod- 
>. ucts. Please: 
‘ ‘a Send me a free sample as well as latest data on 
KRAFEN, your improved Spray-dried sweet whey. 
a F4) wh Have a Kraft Man call on me to discuss uses of 
ij KRAFEN in my products 
1 understand there is no obligation connected with my re- 
quest for a sample and/or technical assistance. 
City. Zone... State 
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FRESH OIL FLAVOR 


INSTANT SOLUBILITY 


NON-HYGROSCOPIC 


DOLCOSEAL ONION AND GARLIC are spray-dried products 
made from pure, natural oil, of a quality available only from D&O. 
Equal in flavor strength to dehydrated onion and garlic, their sta- 
bility and storage life far exceed that of the former. They are 
instantly soluble in water, yielding a crystal clear solution and non- 
hygroscopic (will not cake in storage or ball up in a slurry.) The 
flavor and aroma are that of natural onion and garlic, and are in- 
stantly available, requiring no time for leaching out. In most appli- 
cations, starting recommendations call for the use of one pound of 
DOLCOSEAL ONION or GARLIC to replace one pound of dehy- 
drated material. Write today, or contact your D&O representative 


” for trial quantities! 


Essentially for Y 


ESTABLISHED 1798 


* OUR 161st YEAR OF SERVICE 


} DODGE & OLCOTT, INC. 


180 Varick Street, New York 14, N.Y. 


Sales Offices in Principal Cities 
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TABLE 4 


Influence of NaCl level, thickening agent, fat content, and seasoning level on detectability of glutamate in food prod 


er cé letect of added glutamate 
Total dgmet Added glutamate Othe idditives th h ley of other 
od ich id 
mparison 
Nal 0.75 
} } ix 0.05 a5 
10 l 
96 
Nat 1.00 
i- . 
) 10 71 
) 75 
0 75 
Naf 80 
6, 58 82 
1.00 
in 
g Nal 0.92 
O4 7 82 
} 2 48 
S 2 16 0.82 
t 71 
11.20 
8, ¢ 92 
27.0 
{2,48 60 
er paste ig f I or less 
l ima ‘ eithe ‘ 4 ember d g I ity to detect it as determined 
y na dif t 1 i preliminary tests of 


TABLE 5 


Comparison of glutamate levels recommended for addition and levels occurring in foods 
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0.16 
0.34 
0.05 


ydro frozen) 


0.11 
0.02 


0.10 
0.19 


0.05 
0.04 
0.06 


0.13 
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that expected by chance whether the peas were served 
whole or as a blended puree. 

The natural content of free L-glutamie acid in vari- 
ous foods, its variation with stage of maturity of corn, 
and its loss on refrigerator storage of peas were deter- 
mined by Hac, Long, and Blish (8). This informa- 
tion has only been used as the basis for the reecommen- 
dation that glutamate be added to restore ‘‘flavor 
losses during storage prior to processing’’ (1). How- 
ever, the present study indicates that information on 
L-glutamie acid content of foods could be useful as a 
means of indicating the probable level of glutamate 
addition required for effectiveness. A comparison of 
levels of glutamate recommended by the Glutamate 
Manufacturers’ Technical Committee (1, 2) and levels 
found in foods shows that relatively high levels (0.25 
and 0.18%) are recommended not only for peas and 
poultry liver paste (Table 5), which have a high natu- 
ral glutamate content, but also for spinach containing 
0.02% ; asparagus, 0.04-0.06% ; and corn, 0.04-0.10% 
glutamate. The usually recommended level of 0.15% 
is recommended for products whose natural gluta- 
mate content ranges from 0.01 to 0.18%. Evidently, 
natural glutamate has not been the basis for recom- 
mending levels of glutamate addition. However, the 
fact that a wide variety of foods do have a low 
natural glutamate content has apparently made the 
same level of supplementation reasonable for many 
foods. Currently recommended levels of addition 
might well be re-examined in the light of the relation- 
ship between natural glutamate content and detection 
of added amounts. 

C. The effect of salt on consumer preference for 
foods with added glutamate. The consumer prefer- 
ence tests comparing paired samples, all containing a 
base level of NaCl, one sample of each pair supple- 
mented with glutamate (0.15 to 0.40%), the other 
supplemented with NaCl (0 to 0.3%), showed prefer- 
ences for the glutamate-supplemented samples rang- 
ing from no preference (50%) to 72% (Table 6). In 
no case was a NaCl supplement preferred to a gluta- 
mate supplement. The extent of preference for the 
glutamate-containing sample was apparently influ- 
enced both by the product and the NaCl level. Many 
persons testing beans considered the samples with the 
higher NaCl levels too salty, while those comparing 
broths considered the lower NaCl levels too bland. 
The writers consider that the extent of preference for 
the glutamate-containing sample probably decreases 
somewhat as the sample without glutamate approaches 
the optimum acceptable NaC! level. 

Glutamate was detected less readily when samples 
were presented singly, broth alternating with a la 
king, than when two samples of the same food, with 
and without glutamate, were presented for direct 
comparison (Table 7). More than 10 times the 
amount of glutamate needed for detection in side-by- 
side comparisons was needed for detection in the single 
sample test in three of the four product-NaCl com- 
parisons. 

Although this study was conducted with the panel 
selected for its ability to detect glutamate at low con- 
centrations, it is included in this discussion of con- 


TABLE 6 


Effect of different levels of NaCl and glutamate on preference 
for chicken broth, turkey a la king, pork sausage 
and green beans 


Sample A compared with samples B | p ogorence 
for sample 
with added 
glutamate 


Addition to 


Product 
sample B 


Additions to sample A 


NaCl Glutamate NaCl 
% % 
Chicken 0.65 72 
broth 0.65 0.15 O.75 62 
0.85 60 
0.95 72 
0.65 a2 
0.65 0.25 0.75 65 
| 66 
0.95 61 
0.75 0.15 0.85 70 
0.95 

Pork 
Sausage 1.0 0.15 10 70 
1.1 5 
1.2 0 
1.3 51 
1.0 0.25 1.0 60 
1.1 54 
1.2 74 
1.3 52 
Turkey 0.83 0.27 0.83 62 
ala king 0.83 0.40 0.83 64 
Green beans 60 
(canned) 0.80 O.15 O.85 60 
64 
1.00 72 
TABLE 7 


Influence of test conditions on detectability of glutamate 
Detection of samples 
containing added 


Added Added glutamate! 
Product 
NaCl glutamate 
Duo-trio Single sample 
test? test*® 
of 
Chicken 0.50 uD 
broth O.10 
0.25 
O.50 
Chicken 0.75 0.05 
broth O.10 
0.25 oA 
0.50 75 
Turkey 0.75 0.05 75 
a la king O10 77 
0.25 50 
0.50 
Turkey 
ala king 1.00 0.10 71 
O.15 75 
0.25 75 35 
0.50 65 


Per cent detection out of a possible 48 judgments. Per cent re 
quired for statistical significance: 5% level of probability, 65% Le 
level of probability, 69% ; 0.1% level of probability, 75¢ 

* Pairs of samples, with and without glutamate (one product, one 
salt level) compared directly with control sample containing no gluta 
mate 

‘Single sample, alternating broth and a la king, presented for judg 
ment on presence of glutamate after control samples of each product 
containing no glutamate were tasted and removed. 


sumer tests because it seems reasonable that consumers 
would react in a similar manner to samples presented 
under the two conditions. A greater difference be- 
tween samples would undoubtedly be required for a 
distinet preference judgment by consumer panels if 
samples were not presented side-by-side. This would 
apply whether the question involved glutamate or 
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flavor difference. Consumer tests based 


only on side-by-side comparisons may be misleading 


any other 
as an index of whether the preference would remain 
under normal conditions ef eating. 


SUMMARY OF RESULTS AND CONCLUSIONS 


The glutamate ion has a specific flavor effect that is 
more readily detected than the chloride ion when 
NaCl and glutamate are added at approximately equal 

broth 
panel 


concentrations to chicken containing 
amounts of NaCl. The 
acuity to glutamate readily (95% of possible judg- 
detected added to 
chicken broth at levels ranging from 0.015 to 0.04%. 
Addition of fat, and inter- 
fered only slightly with detection of the above levels 


sodium 
normal selected for 


ments glutamate unseasoned 


thickenings, seasonings 


of glutamate. The added glutamate was less readily 
detected in certain foods such as peas and liver paste 
than in others, such as pork sausage, turkey a la king, 
or the thickened broth. Glutamate 
readily detected in chicken broth or turkey a la king 
containing the two NaCl, but 
limited tests on cream of chicken broth and liver paste 
showed no effect of NaCl level within reasonable levels 
However, high levels of added thicken- 


chieken was less 


higher of levels of 


of variation. 
ings, fat, or seasonings did not interfere with detec- 
tion of added glutamate to any greater extent than 
did low levels. In fact, a high level of flour added to a 
highly seasoned broth made detection of added gluta- 
mate easier, probably because it masked some of the 
other seasonings. The ease of detecting added gluta 
mate is not greatly influenced by variation in levels of 
thickening that 
would normally be encountered in foods 

Added glutamate was much more difficult to detect 
in foods normally containing high levels of 
glutamate than in those containing very low levels of 
The glutamate content of the foods must 


agent, fat content, or seasonings 


very 


glutamate. 
recommendations for 
levels of added with very high 
glutamate content require considerably added 
glutamate than foods with very low glutamate content 


be considered in developing 


glutamate. Foods 


more 


to exhibit a demonstrable change in flavor. 

The extent of consumer preference for glutamate- 
containing samples did not vary in a consistent man- 
ner NaCl level, but it that the 
preference decreases somewhat as the optimum ac- 
NaCl This level, of 


course. varies for different foods and individuals. In 


is suggested 


with 


ceptable level is approached. 
the foods tested, the preference for those with added 
glutamate either equalled or exceeded preference for 
those without added glutamate. 


The difference in performance of a trained panel on 


a paired comparison and a single sample test suggests 


that 


compared 
under normal eating conditions 
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consumer tests of preference based on samples 


directly may have limited applieability 
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Monosodium Glutamate Studies. II. 


Evaluation of a Possible Flavor Stabilizing Effect of 
Glutamate in Frozen Foods and of the Stability 
of Glutamate to Commercial Canning Process 


Manuscript received February 19, 1960 


Us: OF GLUTAMATE in processed 
foods has raised questions concerning its stabilizing 
or antioxidant effect reported for frozen foods and 
its stability to processing conditions encountered in 
canned foods. It is generally assumed that glutamate 
is not altered in the canning process, but sufficient 
evidence supporting this view has been lacking. 
Critical analysis of conflicting published reports on 
whether monosodium glutamate has a flavor stabilizing 
effect on frozen foods has failed to resolve the ques- 
tion. Of three studies on frozen pork sausage, two 
(7, 11) report that glutamate has some antioxidant 
properties and another (10) indicates a possible pro- 
oxidant effect. The first study also reported an anti- 
oxidant effect on frozen poultry. 

Poultry was selected for further study because of 
the authors’ interest and previous studies on its sta- 
bility under varying conditions. Cooked poultry 
products in addition to raw frozen poultry were in- 
cluded because of the growing importance of **con- 
venience’’ the stability of cooked 
poultry products (6), and the ease with which gluta- 
mate could be incorporated into them. Pork sausage 
was selected because of the conflicting reports from 
previous studies, because it was expected to develop 
off-flavors readily in frozen and because 
glutamate could be incorporated uniformly. 

One problem encountered in analysis of the pub- 
lished studies is that panel preference has not always 
been clearly distinguished from retardation of off- 
flavor development. This situation has occurred 
when samples with and without added glutamate are 
compared directly, and results showed an_ initial 
preference as well as a preference after storage for 
the samples to which glutamate has been added. 
Obviously, such results cannot be interpreted as an 
indication that glutamate has a stabilizing effect in 
frozen storage, since they may simply indicate that 
this panel preferred foods with glutamate added, in 
the presence as well as in the absence of a storage 
induced off-flavor. With tests of this type Norton 
et al (11) reported that poultry and other meats and 
fish ‘‘retained their original high quality for longer 
periods in freezing storage’? when glutamate was used 
than when not used. The panel, consisting of 5 or 6 
persons, apparently made a single comparison of sam- 


foods, lesser 


storage, 


* Western Utilization 
Agricultural Research Service, U. 


Research and Development Division, 
S. Department of Agriculture. 


328 


Helen L. Hanson, 
Marian J. Brushway, and 
Hans Lineweaver 


Western Regional Research Labora 
tory," Albany, California 


ples with and without added glutamate at each test 
period. Comments indicating that rancid flavor de 
veloped in the samples without glutamate encouraged 
the opinion that glutamate antioxidant 
properties, but chemical tests to provide supporting 


has some 
evidence were not made. 

In a study by Kemp (7) a panel of 8 to 14 members 
found differences palatability pork 
sausage samples stored less than 4 months at 0° F 
with and without added glutamate 
(0.1 and 0.3%). Samples stored 4 to 12 months with 
seasonings but no glutamate were consistently rated 
lower in palatability than those with neither season 
ings nor glutamate, and those with both seasonings 
and glutamate. When judged for palatability, all 
samples had added seasonings (to three it was added 
before and to the other three it was added after stor 


no In among 


seasonings and 


age). Some undesirable palatability change during 
storage of the seasoned samples stored without gluta 
mate is indicated which either did not ur 


not detected in the seasoned samples stored with gluta 


oce or Was 
mate and in the unseasoned samples stored with no 
glutamate. No difference was found between samples 
containing the two levels of glutamate. No chemical 
A darkening in color was re 
(with without 


tests were conducted. 
ported in all 
glutamate) during storage. 

Neill and Page (10) tested raw and cooked un 
seasoned sausage containing 0, 0.10, 0.15, and 0.30°, 


seasoned samples or 


glutamate for acceptability and peroxide develop 


ment after storage at —10° F. Acceptability ratings 
showed an original preference for glutamate-contain 
ing samples that was unaffected by storage for 1 year. 
Significant peroxide development occurred only in the 
raw pork series after 18 months’ storage. It was 
slightly higher in the glutamate treated samples than 
in the control. This was interpreted by the authors as 
indicating a slight prooxidant effect of glutamate. 
Addition of glutamate is recommended for a large 
number of foods that are to be subjected to a canning 
F. Military specifications include 


Soups, 


process at 240-250 
glutamate for the following canned products: 
codfish patties, turkey loaf, tuna and noodles, ham 
burgers, and sausage patties (3). It is generally 
assumed that this processing treatment does not ma 
terially influence the effect of the added glutamate, 
but the evidence is inconclusive. Galvin (4) reported 
that in canned soups the glutamate taste is not much 


~ 
fad. 
: 
} 
y 
is 
| 
i 
; 
3 


MONOSODIUM GLUTAMATE STUDIES. II. 329 


affected by the heat process—the flavor of foods 
changes more than glutamate. Anson (1) reported 
that the flavor of glutamate itself is not greatly influ- 
enced by processing and storage. In analyses of sev- 
eral fruits and vegetables prior to and following ean- 
ning, Mahdi et al (8) found that the heat process did 
not decrease the level of free natural glutamic acid. 
The possibility that added glutamate would cause 
flavor changes by increasing the rate of the browning 
reaction has been considered by Anson (1) and Mel- 
nick (9). This phase of the problem was not considered 
in the present study, as the products studied had a 
considerably higher water content than the 10 to 15% 
at which the rate of browning is normally at a maxi- 
mum (7). 


METHODS 


Two types of panels were required for the sensory tes's used 
because of the differences in objectives of these studies. For 
the test of effectiveness of glutamate as a flavor stabilizing 
agent (antioxidant) in frozen foods, the judges were selected 
for their ability to detect the stale and rancid off-flavors 
that may develop in frozen poultry and sausage products. For 
the test of the stability of glutamate to the canning process, 
the judges were those selected in a previously reported study for 
their ibility to detect small flavor differences between products 
with and without added glutamate. 

Sensory tests for effectiveness of glutamate as a flavor 
stabilizing agent in frozen foods. These sensory tests were based 
on the extent to which the panel could detect off-flavors iu 


foods stored at 10° or 20° F. in the presenee and in the absence 
of glutamate. No direct comparison of samples with and with 
out glutamate was mad thus questions of preferenee or 
acceptability were eliminated 

The general plan for testing was a comparison between sam 
ples stored at 10° or 20° F and controls held at —30° F after 
various storage periods. Samples without glutamate held at 
elevated temperatures and at —30° F were compared directly, 
us were samples with glutamate held at elevated temperatures 
and at 30° F, 
pair of coded samples had more off-flavor. They were also 


Judges were asked to indieate which of each 


asked to comment on the type of off-flavor (staleness or ran 
cidity is an aid in interpreting the importance of the flavor 
change 

Extent of detection of off-flavors in the foods without gluta 
mate held at elevated temperatures was compared with the 


extent of detection of off-flavors in foods with glutamate to 
determine whether off-flavors developed more rapidly or were 
detected more readily in the produets that did not contain 
glutamate If off-tlavors were distinguished more readily in 
the products with no glutamate than in those with glutamate, 
two conelusions would have been possible. Either glutamate 
prevented the chemical changes responsible for off-flavor de 
velopment or it masked changes which oceurred. If off-flavors 
were distinguished to approximately the same extent, it could 
be concluded that glutamate did not show a stabilizing effect 
on flavor under the conditions of this experiment. 

The panel of judges evaluated each set of samples 4 or 5 
times at each storage period. Each comparison is thus based 
on at least 32 judgments. Samples compared were from the 
same production lots. The order of presenting pairs containing 
no glutamate and pairs containing glutamate was randomized 
at each storage period. 

Sensory tests for stability of glutamate to the canning process. 
For the test of stability of glutamate to the canning process, 
samples of the broths to which glutamate was added before and 
after processing were evaluated by the panel selected for its 
ability to detect small differenees in flavor, using the duo-trio 
test described in the previous paper (4). The control sample 
was the sample with glutamate added before processing. Coded 
samples containing glutamate added before and after process 
ing were presented with the control. The panel was asked to 
indicate which of the two coded samples was like the control. 


Samples were randomized and tests were replicated as in the 
previous tests. 

Sample preparation for frozen food tests. Fried Chicken. 
Sixty chickens weighing approximately 2 lb (ready-to-cook ) 
were cut into the following pieces: wing, breast, thigh (in 
cluding part of backbone), and drumstick. Pieces were rolled 
in a dredge consisting of flour or a mixture of flour and an 
amount of glutamate needed to yield a concentration of 0.15% 
or 0.35% glutamate in the uncooked product (chicken, dredge, 
and batter). The amount of glutamate needed was based on 
preliminary experiments to determine the average pickup of 
dredge and batter by chicken parts of this weight. The 
dredged chicken parts were dipped in a batter of the following 
composition: 


Ingredient Per cent 


Flour 28 

Shortening 2.5 

Milk 54.6 

Salt 1.4 

Eggs 13.5 
The chicken was transferre¢ idly to a deep fat fryer con 
tuining peanut oil and fried for 10 min at 145°C (293° F), 
keeping chicken below the fat level. One half of each chicken 


was stored at 10° F in a polyethylene bag placed in a carton, 
and the other half was stored at 30° F in a Nz atmosphere. 


In preliminary experiments, in which glutamate was added 


to the batter, birds with glutamate showed more browning dur- 
ing cooking than those to which glutamate was not added. 
Therefore, glutamate was added with the dredge, since in 
creased browning did not occur when the glutamate was applied 
to the layer beneath the crust 

Turkey. Sixty small Beltsville turkeys were eviscerated at 
the laboratory and injeeted while warm with solutions contain- 


ing gelatin and glutamate as reeommended by Ellis (2). They 
were divided into 4 groups of 15 each. One group received no 


injeetion, one a 2.5% gelatin solution, two a solution contain- 
ng 2.5% gelatin and glutamate. The solutions were injected 
through a hypodermie needle connected to a pipetting machine, 

ml per injection, with enough injections (25-30) to give 


approximate concentrations of 0.15 and 0.35% glutamate in 
the last two groups, distributed as evenly as possible in the 
breast, thigh, and leg. Birds were chilled in slush ice in poly 
ethylene bags, frozen, sawed in half, and repackaged for stor- 
ige. Half of each was wrapped in cell yphane for storage at 
10° F; the other half 


30° F as a eontrol. 


packed in Cry-o-vae and held at 


Turkey a la king was prepared according to the method 


deseribed in the previous paper . The produet was divided 
into three parts, and glutamate added to two of these to give 
concentrations of 0.15 and 0.35%. Experimental samples were 
stored in MSAT cellophane bags in eartons at 10° F and con- 
trol samples at 30° F in sealed cans in a Nz atmosphere. 

Pork sausage was prepared according to the method de 
scribed in the previous paper. The pork trimmings were 
divided into 3 parts. NaCl (1%), the seasonings, and gluta 


mate (for the 2 parts containing 0.15 and 0.359 glutamate) 
rrinding and mixing. For lot 1, sausage 


were added before g 


was divided into %-lb portions, packaged in cellophane or 
canned as required, and frozen at —30° F. The packaged sam 
ples were stored at 10° F. This sausage contained 60% fat. 

A second lot of sausage was prepared by the above method. 
Experimental samples were packed loosely in cans with air in 
the headspace approximately equal to the volume of the sausage, 


20° F. Control samples were 
This lot of sausage 


hermetically sealed, an stored at 
canned, N; packed, and stored at 30° F, 
contained 50% fat. 

Sample preparation for canning tests. Chicken broth, cream 
of chicken soup, and i snap beans were heat processed with 
nd without added glutamate. The broth and cream of chicken 
soup were prepared as described previously with two levels of 
glutamate, 0.10 and 0.25%. The NaCl level in the broth was 
0.75% and in the cream of chicken soup 1.125%. They were 
processed in No. 303 glass jars, 400 g per jar, at 240° F for 


25 min. A second lot of the cream of chicken soup was subse- 
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quently prepared with a lower NaCl content (0.75%) to guard 
against the possibility that the relatively high salt level in the 
first batch might have masked any slight flavor differences. 
The second batch was processed in 403 x 612 cans, approxi- 
mately 1,170 g per can at 240° F for 50 min. The green beans 
were purchased fresh from a local supermarket. After wash- 
ing, ends were removed and beans were cut into 2 ineh pieces, 
blanched at 180° F for 1% min, cooled, packed in 209 x 313 
eans to which brine containing NaCl and glutamate was added 
as required. They were processed at 240° F for 20 min. 

Chemical tests. Tests for peroxide development were made 
on the frozen foods at each temperature at intervals of 2 weeks 
or more to indieate whether chemical changes occurred in either 
the meat and skin (with coating) of the fried chicken, in 
cooked turkey meat and turkey a la king, and in raw and 
cooked pork sausage. The method used has been described by 
Pool et al (12). 

Glutamate determinations on the broth and cream of chicken 
soup were made on samples to which glutamate was added 
after canning as well as before canning and on the bean sam- 
ples to which glutamate was added before canning by the 
enzymatic decarboxylation method described in Part I of this 
paper (5). 

RESULTS 


Possible flavor stabilizing effects of glutamate in 
frozen foods. Monosodium glutamate, added in con- 
centrations of 0.15 and 0.35% of the product weight 
had no beneficial effect in preventing or masking off 
flavor development in frozen fried chicken stored at 
10° F for 4 months in turkey a la king or raw turkey 
stored at 10° F for 9 months, or in pork sausage stored 
at 10 and 20° F for 4 months. Flavor differences be- 
tween controls held at —30° F and samples held at 10 
or 20° F were detected approximately equally in sam- 
ples with and in samples without glutamate (Table 
1). Flavor testing was discontinued after changes 


TABLE 1 


Effect of glutamate on off-flavor development in 
stored frozen foods 
| Per cent judgments indicating 


|more off-flavor in samples stored 
at 10° or 20° F than in 


Product and storage Storage controls at —30° F? 
temperature time 
Added glutamate 
0 | 0.15% | 0.35% 
Mo 
Fried Chicken 10°F 1 66 69 78 
2 7 ‘ 
4 | 97 a4 87 
Turkey a la king 10°F 3 63 1 63 
6 66 75 | 69 
9 100 84 
Turkey 10°F | 56 
a8 66 53 72 
6° 66 
68 69 84 
92 | 58 
93 86 
Pork Sausage 10° F 0.5 47 72 63 
| 1 75 59 63 
2 81 
| 4 53 59 69 
Pork Sausage 20° F | 1 69 31 | 81 
4 


32 (all tests 
except turkey, 9 mo.). Per cent required for statistical significance is 
69, 75, and 81 for the 5%, 1%, and 0.1% levels of probability, re- 
spectively. 

Total number of judgments, turkey, 9 months only = 36. Per cent 
required for statistical significance is 67, 72, and 78 for the 5%, 1%, 
and 0.1% levels of probability, respectively. 

* No injection of birds before freezing. 
* Gelatin injected with or without glutamate as indicated. 


TABLE 2 


Adverse comments on frozen foods stored with and 
without glutamate addition 


|Per cent adverse comments by panel? 
| —80° F controls 


Stored samples 


Product 
Glutamate Glutamate 
- + + 
Staleness 
Fried chicken +10° F 3 4 36 25 
Turkey +10°F . 4 12 13 
Pork Sausage +10°F 3 4 9 14 
Pork Sausage +20°F 6 5 10 11 
Rancidity 
Fried chicken +10°F 3 4 19 21 
Turkey +10°F 0 0 2 2 
Pork Sausage +10°F 1 | 0 2 3 
Pork Sausage +20° F | 4 4 7 13 


' Total tastings for each sample ranged from 96 to 128 for the un- 
supplemented samples and from 192 to 256 for the glutamate samples. 


were consistently recognized by the judges. Com- 
ments of the judges indicated that staleness developed 
to some extent in all of the products at the elevated 
temperatures and that rancidity developed in the 
fried chicken at 10° F and pork sausage at 20° F 
(Table 2). Comments for samples containing the two 
levels of glutamate are reported together since they 
were very similar. Also, comments for all storage 
periods have been combined for the sake of simplicity 
although there were a few more adverse comments on 
samples stored two months or longer than those stored 
less than 2 months. Since a rancid type of off-flavor 
is considered a more serious defect than staleness, an 
illustration of the approximately equal distribution of 
comments among the 3 glutamate levels (0, 0.15, and 
0.35% ), for fried chicken, the product that received 
the most rancidity comments, has been plotted 
(Figure 1). 

Peroxide tests were continued after flavor tests had 
been stopped to see whether any beneficial effect of 
glutamate developed with longer storage. The addi- 
tion of monosodium glutamate had no effect on per- 
oxide developments in these products at 10° F for 
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Time in Months 
Figure 1. Similarity of rancid flavor development in frozen 
fried chicken with and withcut added monosodium glutamate. 
Triangles, circles, and squares represent no glutamate, 0.15%, 
and 0.35% glutamate, respectively. 
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the following storage periods: fried chicken, 1 year; 
turkey a la king, 15 months; raw turkey, 9 months; 
pork sausage, 9 months; and in pork sausage at 20° F 
for 6 months. The peroxide values for all products 
were relatively low even after the longest storage 
periods. Increases in peroxide values of the above 
products during the indicated storage times were as 
follows: fried chicken, 6 to 11; turkey a la king, 8 to 
12; raw turkey, 5 to 7; pork sausage at 10° F, 3 to 10; 
pork sausage at 20° F, 2 to 6, expressed in meq/kg. 
Values for pork sausage stored at 20° F include gluta- 
mate levels of 1 and 2% in addition to the 0, 0.15, and 
0.35% levels used in the other products. Peroxide 
values are shown separately for the three glutamate 
levels used in fried chicken (Figure 2) to illustrate 
the similarity among values found in all products. 
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Figure 2. Similarity of increase in peroxide values in frozen 
fried chicken at 10° F, with and without added monosodium 
glutamate. Triangles, circles, and squares represent no gluta- 
mate, 0.15°% glutamate, and 0.35% glutamate, respectively. 
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No difference was observed in this study in sausage 
color related to glutamate level, contrary to a pre- 
vious report (11). 

Stability of glutamate to heat processing. (luta- 
mate determinations by the enzymatic decarboxyla- 
tion method described in the previous paper (7) 
showed no loss in added glutamate in chicken broth, 
cream of chicken soup, or green beans due to commer- 
cial canning conditions (Table 3). 


TABLE 3 


Effect of commercial canning conditions on glutamate retention 


Monosodium glutamate found! 


Product Added Glutamate added 
glutamate 
Before After 
processing processing 
% % %e 
Chicken Broth 0.10 0.126 0.123 
0.25 0.272 0.269 
Cream of None 0.020 
Chicken Soup 0.10 0.116 0.122 
0.25 0.275 0.263 
| Beans Brine 
Green Beans None 0.009 
0.30 | 0.266 


1 Values are averages of three or more determinations per can on 2 
to 6 cans per product. 


TABLE 4 


Effect of adding glutamate before or after canning on flavor of 
chicken broth and cream of chicken soup 


Judgments 
identifying 
sample with 
glutamate 


Concentration 


Number of 
of added 


> 
Product judgments? 


gtutamate added before 
canning?* 
% % 
Chicken broth 0.10 24 25 
0.25 21 52 
Chicken Soup 0.10 126 44 
(cream of) 0.25 117 49 


1 Duo-trio test judges were asked to identify sample in each pair 
which was identical to control sample to which glutamate had been 
added before canning. 

2 Results are combined for the two processing runs made on cream 
of chicken soup. 


Evaluation of chicken broth and cream of chieken 
soup showed that the panel of judges selected to de- 
tect small flavor differences was unable to identify the 
samples of these products to which glutamate was 
added before processing when they were compared 
directly with identical control samples and samples 
to which glutamate was added after processing (Table 
4). 


SUMMARY OF RESULTS AND CONCLUSIONS 


Monosodium glutamate at 0.15 or 0.35% did not 
prevent or delay off-flavor development at 10° F in 
fried chicken held 4 months; turkey a la king, 9 
months; raw turkey, 9 months; or pork sausage, 4 
months; or in pork sausage held 4 months at 20° F. 
Nor did it retard peroxide development at 10° F in 
fried chicken held 1 year; turkey a la king, 15 
months ; uneooked turkey, 9 months; or pork sausage, 
9 months; or pork sausage held 6 months at 20° F. 
The presence of glutamate neither prevented peroxide 
development nor did it mask the flavor changes that 
oceurred. 

No loss in glutamate content was found in chicken 
broth, cream of chicken soup, or green beans subjected 
to commercial canning conditions. No flavor differ- 
ences were detected between two samples of chicken 
broth or cream of chicken soup prepared by adding 
equal amounts of glutamate before and after canning, 
respectively. 

Since glutamate is stable to heat processing and 
since it does not affect the usual processing changes 
in the product as judged from this limited study, 
addition prior to canning, as is generally recom- 
mended, is indicated to assure uniform distribution, 
especially in heterogeneous products. 
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Tofu from Japanese and United States 


Soybeans ° 


(Manuscript received February 9, 1960) 


Export of United States 
soybeans to Japan has risen from practically nothing 
after War Il to more than 35 million bushels in 
the 1958-59 crop year. This amount is more than 
double present Japanese production, but still their 
supplies are far short of their needs. Most of the U.S. 
beans exported to Japan are processed for oil and 
meal that are used for making food products. Esti- 
mates based on a survey in 1957 (4) indicate that in 
making certain traditional foods, such as miso, tofu, 


* Report of work done in collaboration with USDA Foreign 
Agricultural Service and American Soybean Association. The 
Jupanese American Soybean Institute furnished samples of 
Japanese products needed for this work. 

"Present address: Food Research Institute, Ministry of 
Agriculture and Forestry, Fukagawa Koto-Ku, Tokyo, Japan. 

* This is a laboratory of the Northern Utilization Research 
and Development Division, Agricultural Research Service, U. 8. 
Department of Agriculture. 


Allan K. Smith, 
Tokuji Watanabe 
and Arlo M. Nash 


Northern Regional Research Labora- 
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and natto, at least 25 million bushels of whole soy- 
beans were used and the Japanese indicated they 
could and wish to use more (8). Thus, further expan- 
sion of U. S. exports to Japan appears possible if 
ways and means of making more acceptable miso and 
tofu from United States soybeans can be found. How 
tofu, or bean curd, and other Oriental foods are made 
from soybeans in Japan, Korea, and China has been 
described previously (3, 4). 

Tofu (composed principally of protein and oil) is 
made by precipitation of the curd with a calcium salt 
from a hot water extract of whole soybeans. Fresh 
commercial tofu, which is sold in the form of a wet 
cake, has the approximate composition of 6% protein, 
3.5% fat, 1.9% carbohydrates, 0.6% ash, and 88% 
water (6). Good tofu has a very bland taste and is 
white or a very pale yellow in color. In the home it 
is cut into small pieces and served in soup; it can also 
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be fried in deep fat or prepared in other ways. Al- 
though in its present form it is not expected that 
Japanese tofu will find a place in the U. S. food mar- 
ket, its composition and simple method of production 
suggest that more highly mechanized procedures 
could be found for making a low-cost, protein-oil 
concentrate which may find a place as a food supple- 
ment in America. 

In an investigation made in Japan (4) in 1957, we 
were told by the Japanese that our soybeans are not 
as satisfactory for making their traditional foods as 
their domestic beans. They stated that food products 
prepared from U. 8S. soybeans are not equal in color, 
texture, flavor, and other properties to foods made 
from Japanese beans. The present investigation is 
part of a program intended to find methods of im- 
proving the use of U. S. soybeans in making tradi- 
tional Japanese foods as one means of increasing soy- 
bean exports. 

Japan is the largest single customer for our soy- 
beans and since her present and future needs far 
exceed current consumption, Japan represents an in- 
creasing market for one of our important agricultural 
commodities. Moreover, increased production of soy- 
beans could play a vital part in solving the surplus 
problem. Even though soybeans have not been classi- 
fied as surplus, they are grown on millions of acres in 
the Mississippi Valley which otherwise would be used 
for crops that are surplus. 

Soybean seed stock, used to breed varieties later 
introduced into commercial production in the United 
States in the early 1930’s, was obtained from the 
Orient. Present differences between U. S. and Japa- 
nese beans appear to be the result of the extensive soy- 
bean breeding program in this country. Our breeding 
program has modified soybean composition and prop- 
erties to meet the need of our farmers and oil mill 
processors, rather than the need of food processors 
here or in the Orient. This modification has created 
technical problems in soybean export markets when 
the beans are sold for food. Although the differences 
between U. S. and Japanese beans are not large, they 
are enough to be noticeable in food products. 

More than 35 varieties of soybeans (5) are grown 
from Minnesota to Florida. The flowering and yield 
of soybeans depend more on length of daylight than 
do most crops. This light sensitivity, as well as other 
factors that are influenced by location, explains the 
need for the many varieties. In the soybean breeding 
program, new and improved varieties are developed 
each year for replacing one or more of the older 
types; thus the list of recommended varieties con- 
stantly changes. 

Soybean varieties vary in protein and oil content, 
rate of cooking, flavor, color of seed coat and of coty- 
ledon, size of seed, and other physical properties. Be- 
eause of these wide differences, it appeared likely that 
some of the U. S. varieties might meet Japanese re- 
quirements. 

The primary objective of this work was to compare 
U. S. and Japanese soybean varieties for making tofu 
and to determine which U. S. varieties make a satis- 
factory product. When such varieties are known to 


U. S. exporters and Japanese importers, more soy- 
beans may be exported to Japan ‘‘identity preserved’’ 
at some increase in cost over the U. 8. No. 2 yellow 
beans. Limited time permitted a survey of only 15 
U. S. and 5 Japanese varieties, but it is hoped this 
work will continue in Japan. One variety from Pun- 
jab, India, was included in the investigation. 


METHODS 


The procedure and equipment for making tofu followed 
closely the commercial method used in Japan (4). The pilot 
plant equipment consisted of an emery-coated grinder, 40-quart 
pressure cooker containing a steam coil, modified cider press, 
filter boxes, and water tank. The grinder,’ imported from 
Japan, was designed for wet grinding of soybeans. 

Briefly, 1.8 kg of soybeans were washed and soaked over- 
night in water and ground while adding a small stream of 
water. The mash was placed in the pressure cooker and water 
added to make a ratio of water to beans of 10: 1 on the basis 
of the original beans. The mash was cooked 30 min starting 
at room temperature; in this period an approximate gage 
pressure of 4 lb was reached. When the cooking was complete, 
the pressure in the kettle was used to force the mash through 
the outlet and into a coarse filter bag laid inside the press. 
After filtering, the milk was pressed from the residue to give 
a yield of approximately 16.5 kg. The milk was divided into 
two equal parts, cooled to 65° C, and while stirring slowly the 
curd was precipitated by adding to each part 25 g of powdered 
ealecium sulfate suspended in 200 ml water.” Stirring was 
stopped as soon as the calcium sulfate was added to avoid 
breaking the curd. A filter cloth on a hemispherical frame was 
placed over the curd and as the curd settled, 300 ml of the 
supernatant was removed with a dipper. The curd was then 
transferred to wooden boxes or molds with inside dimensions 
of 23 em long x 115 wide x 19.5 deep. The box, lined with a 
coarse filter cloth, contained small holes in its sides to drain off 
the water. The curd was pressed by placing over it a slotted 
frame-work and a 700-g weight. When draining had almost 
stopped, the box was placed in a tank of water, and inverted 
to remove the eurd; the curd remained in the water about 1 hr. 
A eake of tofu from 1.8 kg of beans weighs in the range of 
5.5 to 6.0 kg, about half the size usually made commercially. 
In actual practice tofu is cut into thiek slices and sold while 
fresh. 


RESULTS AND DISCUSSION 


Tables 1, 2 and 3 show results of laboratory and 
pilot plant experiments designed to determine (a) 
yields of tofu from U. S. and Japanese beans, (b) 
relative quality of tofu from the two sources, and 
(c) relationship between water-soluble protein (N x 
6.25) and oil content of the beans to the yield of tofu, 
and to the protein and oil content of the tofu. 

Since the U. S. soybeans used in this work were un- 
composited samples of single varieties grown in a 
limited area, they show a wide variation in protein 
and oil content. Thus, our variety values do not 
necessarily agree with those for composited samples 
of the same variety reported by the Crops Research 
Division, USDA (2). The Japanese soybeans proba- 
bly do not represent particular varieties; the names 
used represent the areas in which they were grown. 
For the limited number of uncomposited samples, the 
Japanese beans have a higher average protein than 
the U. S. beans. However, the average value for 


“Supplied through the courtesy of the Japanese American 
Soybean Institute, Tokyo. 

* According to unpublished precedures developed inde- 
pendently in Japan by one of the authors. 
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Japanese beans is affected considerably by the very 
high value for Kumamoto and for U. 8. beans by the 
unusually low values for Aeme and Norchief. The 
Kumamoto has the highest rating in Japan for mak- 
ing tofu. A previous report (5) covering a larger 
number of varieties shows that while wide variations 
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in protein content of random samples of U. 8S. and 
Japanese soybeans are quite common, the average 
protein values for well-composited batches of beans 
show only small differences. The differences in com- 
position of U. S. beans probably reflect the effect of 
location as much as varietal differences and wncom- 


Comparison of U. S. and Japanese soybean varieties in pilot-plant production of tofu 


| Quality of tofu*® 
| 


| Height | Mois- | Hard- 


Yield | Protein | 
of pro in | @ | turein | ness of | c 
tein? tofu® | tofu® | tofu tofu? | Texture | Color 
| | | 
— 
% % ; em | % | | 
73.5 60.0 | 10.5 84.1 } 
74.4 } 10.0 83.7 | 41 
63.7 | 11.0 86.5 
56.5 11.0 37.8 | 48 2 
57.0 57.1 10.3 85.7 2 2 
53.8 10.3 | 86.8 42 
63.0 59.0 10.5 1 H 2 
63.8 10.0 a4 $6 
70.0 12.5 | 85.8 
65.8 62.2 13.3 87.5 | 47 
64.2 11.4 | 85.9 43 
71.8 | 10.8 84.1 
70.0 61.4 | 11.7 85.0 45 
5 10.0 84.6 2 2 1 
59.8 59.8 10.3 85.8 47 
66.5 11.0 2 1 
67.7 60.8 11.3 85.6 43 | 
63.3 57.3 12.0 85.9 49 1 2 2 
70.5 57.1 12.0 84.5 2 = l 
61.4 12.8 87.3 | 48 
60.0 54.6 12.0 86.8 
56.7 12.5 87.4 68 
63.0 57.7 10.0 84.8 1 1 1 
60.5 10.0 86.0 $5 
64.3 56.1 11.5 | 86.9 2 2 
66.5 10.7 86.3 32 
60.7 50.0 11.5 87.5 2 1 2 
11 86.4 65 
61.1 11.5 86.9 2 1 2 
63.0 58.0 11. 86.2 17 
67.0 46.3 11.0 86.5 61 ” 2 1 
64.5 54.7 10.5 84.9 49 
68.7 10.5 83.2 1 
60.5 56.8 12.8 87.2 } 3 , 
62.5 12.8 86.6 54 
60.6 54.8 11.5 | 86.2 3 3 
60.0 11.5 86.5 44 
62.6 12.0 | 86.1 2 2 2 
60.5 53.5 12.0 86.1 | 58 
57.5 51.4 | 11.5 | 87.6 | 78 2 2 2 
e2.7 | 11.3 | 85.9 | 49 


TABLE 1 
Soybean! Protein | 
conc. of cone. of > | 
Soybean milkin | inilkin | Yield of | Yield of 
vartety Protein | | | tofu — | 
| 
ext'n? | P plant | 
% % | % e | ke | & 
Japanese beans 
Nagano 42.2 17.4 3.27 3.27 2.64 51.8 
2.60 §2.3 
Hokkaido 41.3 17.4 3.32 3.24 2.60 44.0 
2.60 
Miyagi 40.9 16.8 3.09 2.92 2.30 40.6 
2.38 38.8 
Aomori 40.6 16.9 L.Oo7 3.12 2.50 43.0 
2.37 44.4 
Kumamoto 46.5 15.7 3.56 3.43 2.98 52.1 
4.18 49.1 
Average a2 3 16.8 3.26 3.20 5.23 454 
India 45.4 18.5 3.42 3.83 2.69 52.9 
2.82 52.1 
U. 8. soybeans 
Harosoy 43.1 19.9 3.46 3.16 2. 42.7 
2.55 43.2 
Hawkeye 43.2 18.9 | 38.51 3.53 | 2.80 46.6 
2.83 48.8 
Adams 42.3 19.9 1.26 3.24 2.78 46.5 
Chippewa 43.1 20.3 3.47 3.42 2.386 53.0 
3.11 47.2 
Clark 2.4 20.6 3.28 8.32 2.92 46.1 
1.00 45.2 
Lincoln 43.9 19.5 $3.45 3.22 2.58 46.6 
2.72 45.7 
Blackhawk 98.9 19.3 2.99 3.04 | 2.80 44.2 
| 2.67 43.7 
Acme 44.7 21.0 2.74 2.73 | 2.83 42.3 
2.67 42.5 
O. Mandarin 40.3 18.2 3.16 3.22 2.75 43.0 
2.65 43.7 
Norchiet | | 252 | 256 | 295 | | 
Comet 39.1 19.8 2.34 3.08 | 2.55 46.1 | 
2 | 49.0 
Lee 45.8 20.5 | 325 | 3.22 | 3.03 46.3 
| | 3.03 | 48.5 
Jackson 42.0 20.5 | 312 | 3.14 2.83 46.6 
| 2.83 45.8 
Dorman 42.3 21.2 | 3.15 2.99 2.95 49.1 
2.92 48.5 | 
Dortehsoy 38.3 22.1 | 2.85 2.64 | 2.87 42.7 
Average 40.7 | 20.11 | | $8.10 | 5.55 46.1 
‘Dry basis. 


* Per cent nitrogen extracted from full fat flakes at water-to-meal ratio of 10: 1, 80° © and 30 min extraction. 
* From 1.8 kg soybeans. 

* Dry basis, based on original weight of soybeans. 

* Based on protein content of origina! soybeans, dry basis. 
* Height of tofu in box indicates the relative volumes of tofu. 
* Measured by Precision penetrometer designed for measuring softness of bread. The higher the value the softer the tofu. 
—second highest, and 1—lowest rating. 


* Visual evaluation by an experienced operator; 3—~highest rating, 
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his little old woman, who lives in a shoe, 
Buys lots of food, good thing its true 
That foods protected with 


Stay fresher longer...thig easy way 


ODAY A WIDE RANGE OF FOODS get the benefits of ‘‘freshness 
protection’ thanks to SORBISTAT-k (potassium sorbate, Pfizer). 
By effectively inhibiting mold and yeast growth, SORBISTAT-K 

keeps food fresher—and extends its shelf life! 


These are some of the products where SORBISTAT-K has 
proven highly successful: 

e fresh fruit cocktails e high moisture cake batter e cake 

fillings and icings e fruit pie fillings e cheeses ¢ fountain 

fruit syrups e chocolate syrups e prepared salads e 

pickles e dietetic jams and jellies e smoked and pickled 
fish e wine e dried fruits. 

SORBISTAT-K is readily soluble in water. You 

can prepare up to 40% solutions for sprays, 
dips and metering. It has little or no effect 
on the taste. 

New Improved sorsistat For Dry Mix and Oil 
Solution — Pfizer now offers sorBISTAT (sorbic 
acid, Pfizer) for applications where 

water solubility is not a factor. This 
improved form has an extremely 
low moisture content. 
SORBISTAT is a free-flowing 
product that dissolves read. 
ily in oil and fat media and 
can be mixed easily in dry 
form with other dry food in- 
gredients. Complete techni- 
: cal data on both SORBISTAT-K 
and SORBISTAT will be sent 
on request. Write today. 


Science for the world's well-being 


CHAS. PFIZER & CO., INC. 
Chemical Sales Division 

. 630 Flushing Ave., Brooklyn 6, N.Y. 

% Branch offices: 

Clifton, N. J.; Chicago, tl.; 

San Francisco, Calif.; 

Vernon, Calif.; Atlanta, Ga.; 

Dallas, Texas; 


Montreal, Can. 
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THE Spray dried, locked in flavors 
BIG are nothing more than tiny globules 
DIFFERENCE of concentrated flavor encased in an outer 
IN protective coating which shields it from oxidation, 
SPRAY evaporation and the reaction with other ingredients 
DRIED which it might contact. 
FLAVORS The superiority of FRITZSCHE’S AROMALOK® FLAVORS 
IS is due simply to the fact 
RIGHT that this core or nucleus is composed of 
HERE the very finest flavoring ingredients made. 


FLAVORS tor use in: 


While spray dried flavors are a trifle costlier 
than their liquid equivalents, 

they offer advantages in certain applications 
which can more than offset this difference. 
Assured indefinite shelf life and protected 
against flavor loss during manufacture 

the tendency toward costly overflavoring 

is thus avoided. Furthermore, 

spray dried flavors are easy to handle and store. 
They mix readily and will not separate in the 
finished product. They are highly recommended 
for use in all powdered products 


where flavor retention is a prime consideration. 


Let us submit an AROMALOK® FLAVOR for your product. 


A FIRST NAME IN FLAVORS SINCE 1871 


FRITZSCHE BROTHERS, Inc. 


76 NINTH AVENUE NEW YORK 11, N.Y. 


Branch Offices and *Stocks: Atianta, Ga., Boston, Mass., *Chicago, Ill., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canacia; 
5 *Mexico, D. F. and *Buenos Aires, Argentina. Plants: Clifton, N. J. and Buenos Aires, Argentina. 


SOFT DRINK POWDERS 
GELATIN DESSERT POWDERS 
PUDDING POWDERS 

CAKE MIXES 

ICING MIXES 

ICE CREAM MIXES 

SHERBET and WATER ICE MIXES 
PIE FILLER MIXES 

MILK DRINK POWDERS 
CHEWING GUM 
COMPRESSED CONFECTIONS 
PHARMACEUTICAL TABLETS 
TOOTH POWDERS 
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TABLE 2 Harosoy, Norchief, Adams, and Lincoln; there is no 


Soluble protein plus oil of beans compared with yield and with 
protein and oil content of tofu 


Variety Yield of NSI? Protein Oil ‘ 
beans! tofu? in tofu‘ in tofu oy’ 
% kg % % N Te 
Japanese 
soybeans | 
Kumamoto 54.1 6.16 82.6 62.2 21.4 83.6 
Hokkaido 53.9 5.20 88.3 57.7 25.5 83.2 
Nagano 53.6 5.24 | 85.7 57.5 24.9 82.4 
Aomori 51.1 4.87 83.4 | 58.9 27.0 85.9 
Miyagi 50.8 4.69 83.1 57.1 24.7 81.8 
Average 58.7 24.7 83.4 
India 51.9 5.51 61.4 24.3 85.7 
U. 8. soy 
beans 
Chippewa 5.97 88.6 57.1 26.4 83.5 
Harosoy 4.88 87.8 59.8 27.2 87.0 
Hawkeye 5.63 89.4 | 60.8 27.8 88.6 
Lincoln 5.30 87.9 57.7 26.5 84.2 
Clark 5.92 84.8 54.6 28.2 82.8 
Lee 6.06 81.9 56.8 27.5 84.3 
Adams | 5.36 85.2 57.3 26.7 84.0 
Dorman 5.87 82.2 53.5 
Jackson 55.0 5.66 82.2 54.8 3 84.1 
Dortchsoy 53.6 5.74 82.2 51.4 2.2 83.7 
O. Mandarin 52.6 ».40 85.4 58.0 J 85.1 
Blackhawk 51.4 | 5.47 82.5 56.1 4 85.5 
Acme 50.1 | 5.50 84.0 50.0 A 81.4 
Comet 49.5 } 4.99 77.3 54.7 5 83.2 
Norchief 48.1 5.90 81.2 46.5 2 79.5 
Average | 55.3 28.7 84. 


Computed as (protein in beans x NSI) + oil. 
2 Wet basis, from 1.8 kg of soy beans 
* Nitrogen solubility index or per cent soluble nitrogen at 80° C at 
water-to-meal ratio of 10: 1. 
* Dry basis 


posited samples should not be considered as average or 
typical valucs. The oil values for all U. S. varieties 
reported here and in earlier publications are higher 
than for Japanese beans. Uncomposited samples were 
used in this work because they would probably be 
more representative of what an individual processor 
might receive in Japan. Although location affects com- 
position, we do not believe that location is as im- 
portant to the quality of tofu as variety. For exam- 
ple, color among varieties is known to vary and color 
is one important factor in tofu quality. 

Yield of tofu. In making tofu, oil is extracted with 
the protein as a stable emulsion. It was anticipated 
that the yield of tofu would be directly related to the 
sum of the water-soluble protein and oil content(s) 
of the beans. The water-soluble protein or nitrogen 
solubility index (NSI) was determined in the labora- 
tory at 80°C for a 30-min extraction period on 
ground, whole soybeans at a water-to-meal ratio of 
10:1. Results are shown in Table 2, column 4. 

Good duplication for NSI values was obtained at 
80° C, the temperature of maximum protein solu- 
bility, in contrast to poor duplication in earlier work 
at room temperature (1). 

Column 3, Table 2, shows the yield of tofu on a wet 
basis in kilograms and column 2 is the soluble protein 
(protein x NSI) plus oil content of the beans. Yields 
of tofu, column 3, for the Japanese beans are in the 
same order as the sum of soluble protein and oil con- 
tent of the beans, column 2, but this generalization 
does not hold as well for U. 8. beans. U.S. beans hav- 
ing the largest deviation from the general rule are 


apparent reason for their deviations. Three runs were 
made on Harosoy, and the same low yield of tofu was 
obtained for each run. 

Variations from the general rule may result partly 
from errors in processing and partly from other 
eauses. Some contributing factors may be nonuni- 
formity in the content of soluble sugars and other 
small molecular weight components of the beans and 
their nonuniform loss when filtering tofu in the mold 
and in leaching these soluble components when wash- 
ing the final eake. Further studies on the character of 
beans and technique of processing will be necessary 
before a procedure is found that will give greater 
uniformity in yield. 

Although there are rather large variations in tofu 
yield, the average for U.S. soybeans is 5.55 kg or 6% 
more than the average of 5.23 kg obtained from 
Japanese soybeans. 

Quality of tofu. The quality of tofu is indieated by 
its volume or height in the mold, as well as moisture, 
hardness, coagulation, texture, and color (columns 9, 
10, 11, and 12 of Table 1) and by its protein and oil 
content (columns 5, 6, and 7 of Table 2). 

Large volume and high moisture are desirable 
properties for tofu, but there is no marked difference 
in these properties for the U. S. and Japanese beans. 
Although the average hardness is nearly the same for 
beans from the two sources, tofu from U. S. beans 
shows a wider variation in its hardness. 

The most important differences betweeu Japanese 
and U. 8S. soybeans, as viewed according to Japanese 


TABLE 3 


Percentage residue and its composition 


Mois Dry Protein 
Variety Wet ture Dry wt Protein Ol | lost? 
ontent 
kg % J % 
Japanese 
soybeans 
Kumamoto 1.67 70 500 30.8 
Hakkaido*® 2.01 77 460 27.0 
Nagano I 2.18 76 520 32.0 23.6 8.1 18.0 
Nagano II*| 1.76 75 440 26.2 
Aomori 1.96 76 470 29.0 
Miyagi*® 2.35 79 500 31.0 
Average 2.03 76 475 29.2 
India 2.10 73 470 29.2 
U. 8. soy- 

beans 
Chippewa 1.70 77 390 23.4 22.5 11.4 2 
Harosoy 1.96 75 491 29.3 26.7 13.7 2 
Lincoln 1.98 76 480 28.7 
Clark 2.32 79 490 29.3 
Lee 1.90 76 4160 27.5 
Adams 1.79 75 440 26.3 21.9 7.3 18.4 
Dorman 2.27 78 D0 30.0 
Jackson 1.79 76 430 25.7 21.3 12.7 13.1 
Dortchsoy 1.79 70 540 32.3 0.9 15.7 17.7 
O. Man- 

darin 2.01 78 440 26.3 
Blackhawk | 2.46 80 490 29.3 22.2 6.1 16.7 
Acme 1.79 74 470 27.1 
Comet 2.04 76 490 29.3 
Norchief 2.13 76 510 36.2 
Average 2.C2 76 480 28.7 


1 Calculated on dry weight adjusted for 10% and 7% moisture for 
Japanese and U. 8. soybeans, respectively. 

2 Protein lost is the protein lost in the residue based on weight of 
protein in origin] soybens fter correction for moisture. 

% Averge of two runs. 

* Two liters of extra water used in extraction. 
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custom, are in the quality factors of coagulation, 
texture, and color. Quality of the tofu (Table 1) was 
judged by an experienced operator in the order of 1, 
2, 3, with 3 representing the highest rating. Texture 
is judged by smoothness of the curd and appears to 
be controlled by the rate of coagulation. 

Calcium chloride is frequently used to coagulate the 
eurd. Occasionally magnesium chloride and even a 
concentrated fraction of sea salt have been used in 
China (3). It was recognized earlier (7) that calcium 
sulfate is superior to the calcium or magnesium chlo- 
rides as it gives the most gelatinous type of precipi- 
tate and the smoothest texture. Most of the calcium 
sulfate is in suspension when added to the milk and 
the delay in going into solution appears to be a factor 
in producing a very gelatinous curd. 

Tofu from Japanese varieties was mostly a greyish 
white color, whereas from U. 8. beans the color was 
various shades of light yellow. The greyish white 
color is preferred in Japan and appears to be favored 
because of custom; several of the U. 8. varieties gave 
a clear, pale yellow tofu which would appeal more 
than the grey-white color to people accustomed to 
cream and butter in their foods. However, the Lee 
and Jackson varieties were rated equal to Japanese 
beans for making tofu. Other U. 8S. varieties which 
were rated nearly equal to Lee and Jackson and 
which should be given further evaluation are Black- 
hawk, Clark, Hawkeye, Comet, Ottawa Mandarin, 
Aeme, Dorman, and Dortchsoy. The Indian variety 
also made high-quality tofu. 

As a food product, the protein and oil content are 
an important indication of basic food quality. The 
oil was determined by hexane extraction after drying 
the tofu in a vacuum oven for 2 hr at 105°C. The 
protein and oil of the tofu appear to be roughly re- 
lated to the soluble protein plus the oil of the par- 
ticular soybeans used. However, the results lack 
uniformity probably because of the same reasons men- 
tioned under the discussion on yields. 

Tofu from Japanese beans so far investigated 
averages about 3.5% higher in protein than U. 8. 
beans, but the oil is lower by about the same amount. 
Thus the difference for the sum of protein and oil is 
less than 1%. However, this conelusion should not 


be generalized for all soybeans as work on additional 


varieties would be expected to give some modification 
in results. 

Residue. Information on the residue from the filtra- 
tion of the milk is shown in Table 3. These data show 
that about 29% of the original beans on a dry-weight 
basis are recovered in the residue. The number of 
Japanese varieties used is too limited for a final con- 
clusion, but results indicate that the unextracted 
protein and oil in the residue amounts to about the 
same for either Japanese or U.S. beans. 


CONCLUSIONS 


Tofu made in pilot-plant investigations from dif- 
ferent varieties of U. S. and Japanese soybeans 
showed observable differences in color and texture. 
Because uncomposited samples of soybeans were used, 
observed differences may have been caused by climate 
and soil at the location of their growth. Lee and 
Jackson varieties appeared to make tofu equal to that 
from Japanese soybeans. Tofu from several other 
U. 8S. varieties were only slightly different in color 
and texture. Yield of tofu varies with variety (loca- 
tion), but the general average yield from U. S. soy- 
beans is about the same as from Japanese beans. 
Original protein and oil content of the beans is a 
factor in yield and in the final protein and oil con- 
tent of the tofu. 
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The Picric Acid Turbidity Test: A Possible 
Practical Freshness Test for Iced Shrimp 


(Manuscript received March 12, 1960) 


Ax APPROACH of possible useful- 
ness in developing a satisfactory freshness test for iced 
shrimp was discovered by chance during the course of 
a well-known preparatory procedure for the analyses 
of free amino acids of spoiled and unspoiled shrimp 
(4). The procedure (5) consisted of precipitating 


protein with 75% ethanol, heating, and adding satu- 


rated aqueous picric acid solution to permit the 
determination of free amino acids in the clear 
supernatants obtained after centrifugation. It was 


surprising to find that clear supernatants were derived 
from unspoiled shrimp; quite turbid supernatants, 
from spoiled shrimp. This observation stimulated 
speculation as to the value of the procedure, or a 
possible modification of it, as a freshness test for iced 
shrimp. 

No truly satisfactory single freshness test for iced 
shrimp exists today (2, 3). Indications of spoilage 
based on changes in content of trimethylamine nitro- 
gen, volatile acids, bacterial count, sulfhydryl groups 
(iodine titration), and ammonia (Nessler’s reagent) 
become evident only after spoilage is apparent or- 
ganoleptically. Increments of change in hydrogen-ion 
concentration, amino nitrogen, hydration of water- 
insoluble protein, and sulfhydryl groups (ferri- 
cyanide titration) are small, and results are variable. 
Tests for glycogen-sugar, lactic acid, and acid soluble 
orthophosphate indicate during the very 
early stages of spoilage, but these constituents dis- 
appear from shrimp tissue before loss of prime 
quality is detected organoleptically. Most of these 
tests are lengthy and somewhat difficult to conduet— 
which limits their commercial application. In short, 
existing tests, though fundamentally interesting, do 
not meet the practical needs of the shrimp industry. 

In the preparatory procedure described above for 
free amino acid analyses, it was found that a clear-cut 
difference in response occurs that may be of use in 
distinguishing spoiled and unspoiled shrimp. But in 
deciding whether or not the procedure has any value 
as a satisfactory and practical freshness test for iced 
shrimp, this is not the only consideration. The first 
problem is to determine if the procedure can be sim- 
plified to the point where it becomes a quick and in- 
expensive practicable operation. A number of re- 
quirements must be met. Thus, studies to establish 
optimum conditions of testing would be required, and 
it would also be necessary to find out whether suffi- 
cient amplification of quantitative differences between 
the fresh and spoiled shrimp can be obtained with 
enough ease so that personnel with limited technical 
background could apply it. Moreover, the procedure, 
an objective test, would have to be related to organo- 
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leptic evaluations so that the incidence of off-flavor 
and odor could be recorded. Finally, the procedure 
would have to be applicable in a commercial situation. 

The development and testing of such a procedure, 
termed the Picric Acid Turbidity Test, is deseribed 
in the present report. The test would appear to meet 
the requirements specified above. 


DEVELOPMENTAL STUDIES 


For the developmental studies, a 30-lb lot of white shrimp 


(Penaeus setiferus), ranging in size from 32 to 40 shrimp per 


ih, was used. These shrimp were from a single catch made off 


the Georgia coast near Brunswick. The lot was frozen im- 
mediately upon arrival at the dock, which was several hours 


after catching, and then sent by air express to this laboratory. 
Testing was begun immediately. At 2-3 day intervals, 2-lb 
sub-lots of shrimp were removed from frozen storage, layered 
in ice, and held in a refrigerator at 38° F for 11-12 days. 
Thus, testing could be conducted simultaneously on frozen- 
eontrol shrimp and on shrimp permitted to spoil in iee for 
11-12 days. Initial organoleptic evaluation of the lot showed 
that storage of this resulted in a borderline 
quality product. That is, the shrimp were less than fair quality 
but not inedible. 
Simplification of testing. 
quick and inexpensive 
modifications of the manipulations required to prepare shrimp 
tissues for free amino acid analyses. Each modification was 
considered satisfactory if turbid filtrates were obtained with 
the 11-12 day iced-stored shrimp and clear filtrates with the 


iced duration 


Simplification of the test to assure 


operation was achieved by stepwise 


frozen or control shrimp. 

The time required to procedure was reduced 
from several hours to utilizing a 
mechanical blender to macerate the sample, and to contain and 
mix all reagents with the sample; (b) eliminating the use of 
heat; and (e) filtering the slurry through paper designed for 
use with large particle precipitates. 

Optimum conditions of testing. 
above were used to study alterations in testing conditions that 


conduct the 


about 15 minutes by (a) 


The modifications specified 


might amplify the observed difference between spoiled and con- 
trol shrimp. Alterations of each testing condition were studied 
individually, optimum conditio1 being employed in a 
study of alterations. No attempt was made to 
study alterations in combinations of testing conditions. 

A Klett-Summerson Photoelectric Colorimeter was employed 
A transmission wavelength of 540 mme 


each 


subsequent 


tov quantify differences. 
color of the pierie acid, 
making it possible to measure only the turbidity. A sample 
The volumes of ethariol and 


(green filter) was used to filter out the 


size of 25 g was chosen for testing. 
pierie acid used permitted easy blending and manipulation but 
also provided for a sufficient amount of material for analyses. 
The filtrate was collected directly into Klett tubes. 


RESULTS AND DISCUSSION 

The effect of varying the concentration of ethanol 
was first studied. The results (Figure 1) indicated 
that the greatest difference, and thus the optimum 
condition, resulted when 70% ethanol was used. 


* Alterations judged to be optimum were those that yielded 
maximui turbidity with the iced-stored shrimp while yielding 
little or no turbidity with the control shrimp. 
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Concentration of in 
Figure 1. Effect on degrees of turbidity obtained in control 
and ice-spoiled shrimp of varying the concentration of ethanol in 
developing the PAT test. 


When alcohol without the picric acid was used, the 
result was considerable turbidity in filtrates of the 
control shrimp and somewhat less turbidity in fil- 
trates of the spoiled shrimp. When alcohol only was 
employed, turbidity values tended to gradually de- 
crease as shrimp were tested during iced storage. 
Clear filtrates were never obtained. 

The effect of varying the concentration of picric 
acid in solution was examined. Results (Figure 2) 
showed that only with saturated picrie acid did fil- 
trates of the control shrimp remain clear. Filtering 
time was too slow and turbidities appeared in both 
control and spoiled shrimp when concentrated picric 
acid was used without prior use of alcohol. 

With regard to the effect of using filter papers of 
varying Whatman numbers, the results (Figure 3) 
indicated that almost any filter paper exec, num- 
bers 52 and 54 could be used. With these, there was 
some turbidity when the control shrimp were tested. 
As to the remaining filter papers, filtering time was 
much too slow to be of any practical value except with 
numbers 4, 31, and 41 (designed for use with gelati- 
nous or large particle precipitates). The greatest dif- 
ference between the control and spoiled shrimp was 
obtained by use of Number 41 filter paper. 

The effect of altering the pH of solutions before and 
after filtering was studied. No filtrate could be col- 
lected (due to the formation of gelationous materials) 
when acetic acid, hydrochloric acid, or sodium hy- 
droxide were added to the slurry before filtering. 
Clear filtrates from the control shrimp became turbid 
when acetic acid or hydrochloric acid was added to the 
filtrates themselves. When sodium hydroxide was 
added to these turbid acidified filtrates of the control 


woo Spoiled (ice-storet. 
Co Control frozen} 


100 
Concentration of Picric acid as Percent of Saturation 


Figure 2. Effect on degrees of turbidity obtained in control 
and ice-spoiled shrimp of varying the concentrations of picric 
acid in developing the PAT test. 
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shrimp, clearness of fiitrates was again obtained. Tur- 
bid filtrates, resulting normally from spoiled shrimp, 
became clear when sodium hydroxide was added to the 
filtrate. Turbidity returned when the pH of the solu- 
tion was adjusted to the acid side with hydrochloric 
acid. 
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Figure 3. Effect on degrees of turbidity obtained in control 
and ice-spoiled shrimp of varying the filter papers used in de- 
veloping the PAT test. 


The simplified procedure (termed the Picric Acid 
Turbidity Test, or PAT test), which presumably 
represented optimum conditions for subsequent test- 
ing, is performed as follows: 

1. A sample of shrimp is peeled, deveined, and 
weighed on a trip balance. 

2. The shrimp are macerated for about 30 see in a 
mechanical blender with a volume of 70% ethanol 
equal in weight to four times that of the sample. 

3. Saturated aqueous picric acid solution is added 
to the slurry in the blender in an amount equal to the 
weight of the shrimp, and the slurry is reblended for 
about 20 sec. 

4. The slurry is filtered immediately through 
Whatman number 41 filter paper, and about 10 ml of 
the filtrate is collected in a 15-ml test tube. 

5. The degree of turbidity of the filtrate is meas- 
ured with a suitable instrument, correcting for a 
blank prepared with the reagents above but substi- 
tuting a volume (ml) of water equal to the weight (g) 
of the sample of shrimp to be tested. 


ORGANOLEPTIC AND PAT TEST EVALUATIONS OF 
ICED SHRIMP DURING STORAGE 

The PAT test, used as described above, was used 
for storage studies to determine whether or not the 
incidence of turbidity is related ta organoleptic evalu- 
ations of quality change. Sample size and variability 
expected from testing were also considered in these 
studies. For the organoleptic evaluations, a panel of 
5 members graded the various samples of shrimp 
(peeled, deveined, and boiled for 5 min) but only on 
the basis of flavor and odor; texture and appearance 
may be affected by factors other than spoilage. The 
categories of quality used by the pane! were: 

High: Delicate flavor; no detection of off-flavors or 
odors. 

Good : ‘‘Shrimp flavor’’; no detection of off-flavors 
or odors. 

Fair: ‘‘Strong shrimp flavor’’; detection of slight 
off-flavors and/or odors. 
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Borderline: Waning ‘‘shrimp flavor’’ and/or no- 
ticeable off-flavors and/or odors, but still edible. 

Inedible: Strong and offensive off-flavors and/or 
odors. 

After the shrimp were graded by the panel, numeri- 
eal values of 5, 4, 3, 2, and 1 were assigned to the 
above categories in the order of decreasing quality. 

The freshness of 4 lots of iced shrimp was evaluated 
during storage. The findings from lot 1 (initial 
study) are reported in detail. Those from the re- 
maining 3 lots (confirmatory study) are reported 
only briefly since these findings were similar to those 
of the first study. 

Initial study. One net load of 105 lb (lot 1) of 
Texas brown shrimp (Penaeus aztecus) caught off the 
Texas coast near Brownsville and ranging in size from 
28 to 32 shrimp per lb was frozen immediately upon 
being landed and then sent by air express to this 
laboratory. 

Of the 105 lb, 25 lb were retained in frozen storage 
at —20° C for use as control samples. The remaining 
80 lb were defrosted overnight at 2° C and layered in 
crushed ice the following morning. The shrimp were 
re-iced every 2 days during the test period. 

The PAT test was conducted daily on (a) two 50-g 
samples of frozen-control shrimp, (b) two 25-g sam- 
ples of iced shrimp, (approx 3 shrimp each), (c) two 
50-g¢ samples of iced shrimp, (approx 6 shrimp each), 
(d) two 100-g samples of iced shrimp, (approx 12 
shrimp each), (e) 3 individual frozen-control shrimp, 
and (f) 3 individual iced shrimp. The degree of tur- 
bidity was measured in two filtrates from each of the 
samples and individual shrimp tested. 

An organoleptic test was condueted on the two sam- 
ples, one from the frozen-control and the other from 
the iced shrimp, on the following sequence of days— 
1, 3, 5, 8, 10, 12, 15, 17, and 19 (Mondays, Wednes- 
days, and Fridays). The study was ended on the 19th 
day, when all of the iced shrimp were inedible. Data 
are presented in Table 1. 

The filtrates were clear in appearance when photo- 
electric colorimeter values were about 30 or less, 
slightly turbid when the values were between 30 and 
100, and very turbid when the values were over 100. 
In general, shrimp with filtrates reading about 30 or 
less received organoleptic ratings of high or good; 
those with readings between 30 and 100 received 
ratings of fair; and those with readings over 100 re- 
ceived ratings of borderline or inedible. 

The shrimp stored in ice were of high quality from 
the Ist through the 5th day, and the filtrates were 
always clear. The shrimp were of fair quality from 
the 6th through the 10th day, the filtrates, generally, 
being between 30 and 100. Two members of the taste 
panel indicated that they could detect minute off- 


flavors and odors in the iced shrimp on the 8th day, 
i.e., 2 days after the chemica) test indicated a change. 
The shrimp were of borderline to inedible quality 
from the 11th through the 19th day, and the filtrates, 
generally, were over 100. At the end of this time all 
of the iced shrimp were inedible. The frozen shrimp 
were of high to good quality throughout the entire 
study, and the filtrates were clear without exception. 


After the period of good or high quality had passed, 
the readings for the individual shrimp stored in ice 
showed considerable difference on a given day. This 
may be due to variation in the initial quality of the 
shrimp or to individuality in spoilage. These differ- 
ences between individual shrimp may explain, at 
least in part, the greater variation from sample to 
sample in the data for the 25-g samples than in the 
data for the 50- or 100-g samples. No explanation is 
apparent, however, for some of the low turbidity 
values of the 50- and 100-g samples between the 6th 
and 10th days of iced storage—uniless, of course, these 
low values reflect an unintentional chance selection of 
better quality shrimp. Nevertheless, by utilizing in- 
ereased numbers of individual shrimp, or 25-g sam- 
ples, rather than smaller numbers of larger sized sam- 
ples, information should be more readily collected and 
the variability in quality within the lot of shrimp 
more precisely determined. A mean value for a series 
of small samples would indicate the over-all quality 
of the lot. Slightly more information as to the within- 
lot variability would result from tests of individual 
shrimp as opposed to tests from 25-g samples of 
shrimp. However, the added effort involved in adjust- 
ing the quantity of the reagents to the weight of each 
individual shrimp would not be feasible in practical 
applications of the test. A great deal of the variability 
would be eliminated, no doubt, if large quantities of 
shrimp were homogenized or cut up and mixed, and if 
testing were conducted with aliquots of samples thus 
handled. Again, however, practical application must 
be considered. For these reasons, the 25-g sample size 
was used in further testing. It should be noted, how- 
ever, that regardless of any variations, the data— 
whether for individual shrimp or for larger samples— 
correlated with the results of organoleptic tests. 

Confirmatory study. Lots 2, 3; and 4 of the original 
4 lots of shrimp were used in the confirmatory study. 
Lot 2 (25 lb of Texas brown shrimp, Penaeus aztecus) 
was caught in the Gulf of Mexico and iced immedi- 
ately after being landed on the vessel. Since the vessel 
docked on the same day, the lot probably represerted 
shrimp from not more than a few net loads. As soon 
as the vessel docked, the shrimp were re-iced and sent 
by air express to the College Park Laboratory. This 
lot was not frozen prior to testing which took place on 
the following day. Lots 3 and 4 (25 lb each of Cam- 
peche pink shrimp, Penaeus duroram) were obtained 
from freezer vessels. It is not known how many net 
loads were represented. Both of these lots of shrimp, 
however, were bisulfite dipped » and were frozen with- 
in a few hours of being caught on the Campeche 
fishing grounds, Gulf of Mexico. These lots were sent 
to the laboratory in the frozen state. 

Lots 2, 3, and 4 were treated in the same manner 
during testing—that is, half of each lot was placed in 
frozen storage at —20° C and the remaining half iced 
and placed in a refrigerator at 2° C. The ice was re- 
placed every 2 days. 

The PAT test was conducted in duplicate daily on 


» An aqueous solution of 144% technical grade sodium bisul- 
fite used commercially to retard the formation of black spot. 
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two 25-g samples of the iced and frozen shrimp; the which may differ in some degree from the evaluations 
organoleptic test every Monday, Wednesday, and of quality by a laboratory trained organoleptic panel, 
Friday until the iced shrimp of each lot was con- and (¢c) processing, which may affect the test ad- 
sidered inedible. versely. These considerations led to a field study, 
All filtrates were clear when the frozen-control conducted in a shrimp processing plant, to evaluate 
samples of shrimp were tested for lot 2 (brown the commercial application of the PAT test. 
shrimp) and for lots 3 and 4 (pink shrimp). All fil- The in-plant study. Samples of iced shrimp as re- 
trates were clear also when the iced shrimp were ceived at the plant and at various stages of processing 
tested until the 7th, 10th, and 12th day of testing for were submitted to the PAT test. Turbidities from 
lots 2, 3, and 4, respectively. The filtrates were turbid these samples were evaluated by means of comparison q 
on each of these days and every day thereafter during tubes, prepared previously to read 30 to 100 on the ! 
the remainder of each test period. In every case, photoeleetrie colorimeter. Since these comparison 
changes in the shrimp as indicated by the ineidence of tubes read 30 and 100 after the study was completed, 
turbidity were directly related to an organoleptic a colorimeter was not required. Evaluations of the 
indication of loss of good quality. general quality of the lots of shrimp were made by ‘ 
experienced plant personnel. 
IN-PLANT STUDY Descriptions of the various lots of shrimp tested ; 
The PAT test appears satisfactory for use with lots and the test results are shown in Table 2. Lots 1—5 
of shrimp of (a) known and ideal history, (b) initial were received for processing, whereas lots A and B 
high quality, and (¢) theoretically limited variability. (sublots of lots 1 and 5, respectively) were purposely 
The controlled conditions possible in a laboratory permitted to spoil. Six samples were tested in dupli- q 
were a factor in limiting variability. The final cri- cate at each of 5 progressive stages of processing for 
terion for a practical test would be its performance each of the 7 lots of shrimp. Lots 1 through 5 were , 
under ‘‘normal’’ commercial conditions. Such con- processed as usual for marketing; experimental lots 7 
ditions should include: (a) variability of individual A and B were specially processed as ‘‘normally’’ as 
shrimp, which in commercial practice may be great could be simulated. In every case, any turbidity 
owing to different conditions of handling and holding present in the lots of shrimp as received diminished 
the shrimp both on the boats and in the processing somewhat during each stage of processing until all 
plants, (b) evaluations of shrimp by plant personnel, filtrates from all samples were clear in the final 
TABLE 1 


Quality changes of iced shrimp during storage as indicated by the picric acid turbidity test and an _nenn test 


Individual and ‘mean! values? indicating the “degree turbidity * of filtrates 


Weighed quantities of shrimp, Individual shrimp 
Testing period 50-¢ frozen. | 25-g¢samples | 50- g samples 100- samples | values * 
in days controls iced iced | r ced Fresee leed 
"Instrument readings 

B | A A B c Frozen Iced 
22 23 | 22 21 | 20 20 | 24 25 5.0 5.0 

2 27 25 10 10 16 17 | 12 9 18 0 3 | 32 0 72 
3 18 20 18 19 | 18 19 18 14 S06 a 14 14 iB 5.0 1.8 

4 19 19 13 wi 18 11 0 16 28 24 34 73 37 
5 0 10 11 12 13 9 7 5 9 9 12 13 13 4.8 44 

19.65 + 7.74 17.0 + 3.3 12.8+5.0 || 28.4 + 17.0 

13 10 «100 141 | 15 31 | 16 91 16 #17 #24 | 154 20 as 

? 15 S + 47 | 27 62 48 72 9 28 10 | 129 35 44 
8 11 a. 1 69 47 56 | 70 49 14 10 29 123 19 105 5.0 3.6 

9 | | 39 18 | 29 39 || 20 22 22 | 155 131 118 
10 20 20 43 42 | 19 27 «| «+236 27 || 19 24 22 | 23 23 21 5.0 3.2 

| 75.8+35.7 | 841%13.1 | 46.7+15.5 || 79. 2+ 40.3 

11 16 174 144 | 146 101 | 12 30 18 #46 | 178 185 181 
12 15 11 |} 187 238 182 185 141 115 |} 18 21 21 |} 179 116 195 | 1.5 2.4 

18 9 8 | 126 119 151 186 122 137 || 36 

4 10 12 122 135 | 154 165 130 115 || 19 14 1738 160 146 92 
15 18 18 125 139 110 99 | 101 113 || 40 50 47 68 99 #86149 5.0 1.4 

16 13 22 126 116 160 22 127 128 || 166 4 
17 | 10 6 180 136 155 140 129 128 || 80 4. 1.2 

18 20 20 161 159 128 138 154 
19 2 15 124 110 157 111 | 104 97 20 il 9 | 72 160 87 4.6 1.0 

— 
| 145.6 30.5 | 143.9+24.0 | 118.34 20.0 | 127.1 + 32.7 
24.4 + 19.0 


! Duplicate analyses 

* Values are instrument readings obtained using the Klett-Summerson Photoelectric Colorimeter with green filter. 

* Readings of 30 or less appear clear visually; readings of 30-100 appear slightly turbid or murky; readings of 100 or more appear quite turbid. 
For ease of interpretation, data have been arbitrarily subgrouped within these limits. 

q *Every Monday, Wednesday, and Friday an organoleptic panel of 5 members graded the shrimp on the basis of flavor and odor into the follow- 
ing categories of quality: high, good, fair, borderline, and inedible. The numerical values of 5, 4, 3, 2, and 1 were assigned to these categories of 
quality, and it was decided, arbitrarily, that a mean value of 5.0 indicates high quality and mean values ranging from 4.0—4.9 indicate good quality; 
from 3.0-3.9 indicate fair quality; from 2.0—2.9 indicate borderline quality; and from 1.0—1.9 indicate inedible quality. 

* Grand mean of daily means. 
* Standard deviation of the mean. 
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product. This prevailed whether the product was 
breaded shrimp or cocktail shrimp, that is, deveined 
and individually frozen. A positive test was never 
permanently ‘‘lost’’ since very turbid filtrates re- 
sulted when the remainder of the breaded shrimp of 
lots A and B were held at 8° C for several days. How- 
ever, the standard debreading operation of removing 
the breading with rapidly moving water for 10 min 
(1) led to a joss of turbidity again. 

It is noteworthy that the PAT test evaluation of 
the quality of lots of shrimp is very closely related to 
plant personnel evaluation of the quality of the 
shrimp (Table 2). In this connection, it should be 
recalled that evaluations based on the PAT test (de- 
grees of turbidity) were founded initially on quality 
evaluations of a laboratory-trained organoleptic panel. 

Two additional obsérvations made in connection 
with this study should be of interest to any person 
attempting application of the test. The test appears 
to be thermally dependent—at above normal room 
temperature (95° F and over) turbidity develops 
even in samples of shrimp of good quality. Also, when 
shrimp are permitted to spoil at high temperatures 
without ice and become extremely dehydrated, the 
results are unreliable. 


DISCUSSION 


The industry’s expressed and urgent need for an 
objective freshness test for iced shrimp superseded 
some initial desire to inquire into the nature of 
the turbid supernatant noted when spoiled shrimp 
were being prepared for free amino acid analyses. 
This might have been an isolated instance. It seemed 
reasonable to suppose, too, that more direct pathways 
were available to study spoilage in shrimp. 

Results presented herein, however, suggest a rela- 
tion betwen the incidence of turbidity as shown by the 
PAT test and a loss of quality of iced shrimp as 
measured organoleptically. It is recognized that dur- 
ing the entire period of iced-storage testing, turbidity 
values did not increase continuously as the quality of 
the shrimp (subjectively judged) became progres- 
sively poorer. For instance, in the initial study, fairly 
constant turbidity values on individual shrimp (when 
turbidity was obtained at all) were recorded. 

It might be considered that this relationship be- 
tween the incidence of turbidity as shown by the PAT 
test and the loss of quality of the shrimp as evaluated 
organoleptically is incidental. Although this does not 
seem likely, the substance causing turbidity may not 
be the prime reason for the increasingly poorer qual- 
ity (organoleptically judged) as spoilage progresses. 
It is probable that an increasing number of com- 
pounds contribute to the sum total of organoleptic 
sensations. This conjecture seems even more plausible 
when the ‘‘all or none’’ reaction is considered. Quite 
possibly, during iced storage, normal shrimp tissue is 
continuously being altered and a 3 


substanece’’ is 


formed that is primarily and preferentially being 
measured by the PAT test. This postulated substance 
might then be concomitantly and continuously elimi- 
nated from the shrimp tissue by the leach water from 


analyses 


TABLE 2 


Comparison of PAT test and plant personnel evaluations of the 
quality of lots of shrimp 


Plant 
Lot Description personnel 
evaluation 
1 Approx 6,000 Ib; predomi Fair quality, x! 
nantly brown shrimp, 50—60 somewhat de x 


count; had been obtained from hydrated XXX 
Panama approx 6 mo pre 
viously and held in frozen 


storage until processing 


2 Approx 1,000 Ib; local white Excellent 
shrimp, 28—32 count; caught quality 
on one-day run, docked next 
door to plant, held in cooler 
overnight, processed next 
morning. 

Approx 4,300 Ib; local mixed Excellent 
white and brown shrimp, 28 quality 
30 count; caught on one-day 
run, docked 30 mi north of 
plant, trucked to plant on ice, 
held in cooler overnight, 
processed next morning 


4 Approx 3,000 lb; Campeche Good 
pink shrimp, 26-30 count; 
caught on Campeche shrimp 
ing grounds in Gulf of Mex 
ico, transferred from trawler 
to ice-relay boat that required 
approx 72 hr to reach Tampa 
from shrimping grounds, trans 
ferred to ice-truck that re 
quired 1-2 days to deliver 
shrimp from Tampa to plant; 
shrimp processed immediately 


5 Approx 5,500 Ib; Campeche Good and 
pink shrimp 26-30 count; fair 
similar history as Lot 4 


A Approx 20 Ib of Lot 1 above Unfit for 
were stored in ice in a cooler human con | xxx 
and purposely permitted to sumption, xxx 
spoil; then they were proc , 
essed “normally.” xxx 


B Approx 20 lb of Lot 5 above 
were stored in ice in a cooler 


Unfit for 
human con xxx 


and purposely permitted to sumption 
spoil; then they were proc 
essed “normally’’. xxx 


‘x—clear test filtrates. xx—-slightly turbid filtrates. xxx—very tur 
bid filtrates. Each of these values represents a mean of duplicate 


the melting ice and/or be further altered and not 
measured. Naturally, enough substance would have 
to be present in the tissue at any instant to permit 
the positive testing. 

There is a likelihood therefore that the objective 
and subjective evaluations are measuring different 
substances—which probably accounts for the sensi- 
tivity of the PAT test. Of course, loss of good quality 
might be the result of measurement of the ‘‘sub- 
stance’’ by both the objective and subjective tests. 

During the development of the PAT test optimal 
response was obtained under rather limited experi- 
mental conditions. The 70% alcohol and saturated 
picric acid solution are functioning apparently as a 
protein dehydrant and as an alkoloidal reagent, re- 
spectively. Both are necessary to prevent formation 
of turbidity when the control, or good quality, shrimp 
are tested. 

Perhaps during spoilage basic changes in size and 
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surface properties oceur in the normal tissue protein 
of the shrimp and formation of colloidal fragments is 
permitted—with stability to the aleohol and picric 
acid different from that of unaltered protein. Fur- 
ther, it is not unlikely that the turbidity observed is 
primarily insoluble picrates of the altered protein 
particles. Thus, the picrie acid would be functioning 
in a cual role in the PAT test. And it must be ad- 
mitted that the limited data available do not rule out 
other possibilities. 

The visible observation, for instance, might be only 
an indieation of denaturation—a less drastic change 
in protein structure. It is reasonable, too, to propose 
that picrates of different amines and other materials 
might comprise a part of the turbidity observed since 
various intermediate and end products of protein de- 
composition are known to occur in iced stored shrimp 
(2). The nature of resultant substances measure.! 
with the PAT test is currently being considered at 
this laboratory. Thus far, explanation of the mecha- 
nisms involved is somewhat complicated by the need 
to test the possibility of non-homogenity of test re- 
sults throughout the entire period of storage. Causal 
factors underlying the mechanisms are also being con- 
sidered. It is not clear whether they represent auto- 
lytie activity of the tissue enzymes and/or are the 
result of physical agents such as bacteria. At present, 
the mechanisms involved seem to be primarily auto- 
lvtie in nature. Further study is needed to explore 
this supposition. 

The applicability of the PAT test as a practical 
freshness test of iced shrimp requires the careful 
examination of several seemingly different results 
obtained during the conduct of the study. Further 
analysis of the possible commercial usefulness of the 
PAT test will be needed. For instanee, it is to be 
noted that initial incidence of turbidity was observed 
on different days for each of the various lots of shrimp 
tested. In each case, however, the location and the 
method of handling the catch might very reasonably 
account for the difference in the length of time the 
iced shrimp would be expected to remain unspoiled. 
It is general knowledge among fishery technologists, 
processors, ete., that shrimp obtained from the Cam- 
peche grounds retain high quality longer than shrimp 
taken off the Gulf coast. Also, there is no apparent 
explanation for the unusually high turbidity values 
recorded during the developmental studies with the 
white shrimp. Turbidity values obtained during the 
subsequent testing of other lots of shrimp were never 
so high as for white shrimp. Perhaps these higher 
values indicate some native difference between the 
composition of Atlantic and Gulf shrimp. 

During the in-plant study of the usefulness of the 
PAT test under normal conditions, it was encour- 
aging to note that plant personnel evaluations of the 
general quality of lots of shrimp correlated with 
evaluations utilizing the PAT test. The fact that tur- 
bidities originally observed diminished soriewhat dur- 
ing each processing stage suggests that the possible 
usefulness of the PAT test lies in the evaluation of 
the quality of incoming lots of iced shrimp—before 
processing. 
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For the commercial application of the PAT test, the 
question of adequacy of sampling must be con- 
sidered. Results of the in-plant study indicated that 
the number of samples to be tested (i.e., adequacy of 
sample) would depend primarily on the within-lot 
variability. This finding will require further study. 
However, personnel of this plant were of the opinion 
that tolerance limits could be established. Such limits 
could be set in terms of the number of ‘‘turbid’’ sam- 
ples permitted in incoming lots of shrimp of specified 
total weight. 

The final evaluation of the PAT test as a commer- 
cially practical freshness test of incoming lots of iced 
shrimp must await the results of more extensive test- 
ing. It is to be hoped that other fishery technologists, 
noting the data presented here, will be motivated to 
evaluate the PAT test. In the final evaluation of the 
PAT test, basic knowledge of the mechanisms that 
lead to the clean-cut difference in supernatants of con- 
trol and spoiled shrimp would be of great value. 
Lacking this, however, empirical knowledge should 
not be ignored, since it may open the way to the de- 
velopment of a freshness test for iced shrimp that will 
meet the requirements of the industry. 


CONCLUSIONS 

A freshness test for iced shrimp has been developed 
and tested under laboratory and commercial condi- 
tions. Data indicate : 

1. The test is simple and easy to perform, takes 
about 15 minutes to conduct, and requires only a 
small amount of inexpens.ve apparatus and chemical 
reagents. 

2. The test permits a clear-cut indication of loss of 
quality in ieed shrimp and test results correlate with 
organoleptic evaluations. 

3. The most practical commercial application ap- 
pears to be in the evaluation of lots of iced shrimp. 

4. Only extensive application will determine the 
actual value of this test as a freshness test for iced 
shrimp in a practical commercial situation. 
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A Technique Utilizing 2, 3, 5 Triphenyltetrazolium Chloride 
for Recognition of Bacterial Colonies in the 


Presence of Large Numbers of 
Food Particles” 


(Manuscript received September 28, 1959 


I. ORDER TO CIRCUMVENT the diffi- 
eulty involved in differentiating between food par- 
ticles and bacterial colonies, techniques such as the 
surface swab and serial dilution (most probable num- 
ber, decimal dilution) have been used in the 
Angelloti et al (1) evaluated the cotton swab tech- 
nique with reference to the recovery of a known 
contamination and the precision betweei 
recoveries of this known contamination. 
cluded that the cotton swab technique was low in 
recovery and low in precision. Ziegler and Halvorson 
(11) found that the serial dilution method was less 
accurate and less precise than the standard plate 
count even when 10 tubes were used at each dilution. 
The technique herein reported appears to offer an 
improvement in precision and accuracy over the cotton 
swab, the serial dilution, and the standard plate count 
as described in Recommended Methods for the Micro- 
biological Examination of Foods (7), when low bac- 
terial contamination is present in a food product. 

Goetz and Tsuneishi (5) reported that 2,3,5 tri- 
phenyltetrazolium chloride, as a component of bac- 
terial media, facilitated the detection and counting of 
microorganisms. However, Fifield and Hoff (4), and 
Weinberg (10), reported that 2,3,5 triphenyltetra- 
zolium chloride was a growth inhibitor of many or- 
ganisms in concentrations as low as .04% and .05%. 
The ability of bacteria to reduce the 2,3,5 triphenyl- 
tetrazolium chloride to the insoluble and red-colored 
formazan form (9) could, therefore, not be utilized to 
obtain total counts of mixed cultures if the indicator 
solution were incorporated into the growth medium. 

Since it was found with several food products, both 
after processing and in the raw sterile state, that no 
reduction of the indicator solution occurred when it 
was added to the product, and since 2,3,5 triphenyl- 
tetrazolium chloride solution was capable of diffusing 
through a thin layer of agar within a reasonable 
period of time, further investigation looking toward 
the development of a technique utilizing this chemical 
agent to aid in the recognition of bacterial colonies 
was considered worthwhile. 

After plate cultures of food products have been 
prepared in accordance with standard methods and 
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incubation has been completed, the ease of colony 
recognition is a function of the sample dilution. To 
the naked eye, the medium in which bacterial colonies 
have grown may vary from total opacity to complete 
transparency. In cultures prepared from low dilu- 
tions of food products, bacterial may be 
masked by food particles or food particles may 
appear to be bacterial colonies. In order to eliminate 
these problems the Tetrazolium Flooding Technique 
was developed. 


eolonies 


THE TETRAZOLIUM FLOODING TECHNIQUE 


Each culture of plated food material, after proper ineuba 
tion, was removed from the ineubator and was flooded with 
2 ml of a 0.1% aqueous solution of 2,3,5 triphenyltetrazolium 
chloride. The flooded plate was gently rocked back and forth 
and from side to side several times so that the entire area was 
covered by the solution. The excess solution was poured off, the 
Petri dish cover replaced, the plate inverted and allowed to 
remain at room temperature for 3 to 5 hr. The metabolizing 
bacterial colonies normally reduced the indicator solution with 
in the first hour. The additional time used allowed the more 
slowly metabolizing colonies to reduce the tetrazolium and also 
resulted in color intensification within all of the colonies. 

In counting the colonies an illuminating instrument such as 
the Quebee Colony Counter was found satisfactory except in 
the case of extremely opaque media. When the latter situation 
existed, a more powerful light source was required to penetrate 
the growth medium. Exposure of the Petri dish culture to an 
uneovered 100 w lamp proved satisfactory. 


EXPERIMENTAL 


Chicken meat of very low bacterial content. This experi- 

ment was performed in the course of testing aseptically re- 
moved chicken breast muscle for sterility. It illustrated the 
usefulness of the above described technique in plate cultures of 
extreme opacity. 
Pieces of chicken meat totaling 91.9 g were placed in a 
sterile blender together with 99 ml of chilled sterile water. 
After grinding for 4 min, 3 g of the slurry was weighed into 
each of 8 Petri dishes. slurry contained 
0.48 g of chicken meat, each 1.44 g of 
chicken meat. 

Approximately 15 ml of 
agar (Difco Laboratories, Inc., Detroit, Michigan) was added 
to each dish. The slurries were dispersed in the agar by stirring 
with a sterile glass rod followed by gentle rotation and agita- 
tion of the dishes. After the agar solidified, the dishes were 
inverted and placed in a low humidity incubator at 37°C for 
36 hr. The dishes were then removed from the incubator and 
subjected to the Tetrazolium Flooding Technique described 
above. The colonies were counted by exposure of the dishes to 
a naked 100 w lamp and noting the red spots within and on the 
surface of the medium. 

Chicken meat inoculated with a pure culture of Escherichia 
coli ATCC 9637. In higher dilutions in which pieces of 


Since each gram of 
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chicken were numerous, but ordinary plate counting techniques 
could be attempted, the tetrazolium technique was tested to 
determine whether the method could be used to inerease the 
accuracy and precision of the plate count. 

Dises of sterile chicken meat of approximately 1 sq in sur- 
face area and \ in thickness were cut and inoculated with 
approximately 10,000 cells of an 18-hr eulture of EZ. coli. The 
dises were incubated at 37°C. After various periods of incu- 
bation, dises were seleeted, removed from the ineubator, and 
placed in a sterile blender eup together with 99 ml of chilled 
sterile water. After grinding for a period of 4 min a series of 
dilutions were plated using Tryptone Glucose Extract agar 
(Difeo) as the nutrient medium. When the medium solidified 
the dishes were inverted and incubated at 37° C. 

After 24 to 36 hr the plates were removed from the ineu- 
bator, the discernible colonies were counted using a Quebec 
Colony Counter, and the results were recorded. The plates were 
then subjeeted to the Tetrazolium Flooding Technique, after 
which they were reeounted, again using a Quebee Colony 
Counter, and the new results were recorded. Comparison of 
the two sets of data was then made. 

Flounder skin containing natural microbial flora. The 
object of this group of experiments was to determine the degree 
of error which could be introduced into an experiment through 
the failure of some colonies in a mixed culture to reduce the 
indicator solution. 

Fresh-eaught flounders were stored at refrigerator tempera- 
tures. After selected storage periods a 2 sq in piece of skin 
was aseptically removed, placed in a sterile blender cup to- 
gether with 99 ml! of sterile water, and ground for 3 to 4 min. 
The dilutions plated were 10°, 10°, and 10°. Fish extract 
Tryptone Glucose Extract agar (6) was used as the plating 
medium, Incubation was carried out at 20° C for 5 days. The 
plates were then removed from the ineubator, the colonies 
counted using a Quebee Colony Counter, and each colony was 
encircled with green crayon on the underside of the dish. The 
plates were then treated with the Tetrazolium Flooding Tech- 
nique, after which each green circle was inspected for the re- 
duetion of the indicator. The plates were also examined for 
the presence of reduction in areas where no obvious colony had 
been observed earlier. The results were recorded and data com- 
parison was accomplished. 

Pre-cooked turkey meat containing natural microbial flora. 
To prove the applicability of the Tetrazolium Flooding Tech- 
nique in the presence of a mixed culture, this method was used 
in an experiment designed to determine the total bacterial 
count of a low contamination food product; namely, preeooked 

“frozen turkey. 

Samples of turkey meat weighing 11 g were placed in a 
blender cup together with 99 ml of chilled sterile water and 
ground for 4 min. Plate cultures were made of the resulting 
slurries (1: 10 dilution) and the next higher dilution (1: 100 
dilution). The plating medium used was Plate Count agar 
(Difeo). After the medium solidified the plates were inverted 
and ineubated at 30° C for 36 to 48 hr. The Petri dishes were 
then removed from the ineubator and the distinguishable 
colonies were counted using a Quebee Colony Counter. The 
plates were then subjected to the Tetrazolium Flooding Tech- 
nique after which they were again counted. The two sets of 
data were compared and the per cent of difference was 
determined. 


RESULTS AND DISCUSSION 


The usefulness of the Tetrazolium Flooding Tech- 
nique was shown dramatically in the experiment de- 
signed to determine sterility in chicken musele. Prior 
to the flooding procedure, not one colony was visible 
on any of the 8 Petri dishes. After the Tetrazolium 
Flooding Technique was performed and the plates 
were recounted, an average count of 3.5 colonies per 
plate was obtained. This amounted to 2.4 organisms 
per gram of original sample. To obtain such infor- 
mation in so short a time would be almost impossible 
by any other means. Normally, the sample would 


have been subcultured for a time period at least 
equivalent to that employed for this entire experiment 
and would then require plating and further ineuba- 
tion to determine the presence of the contamination. 
The results obtained by the subeulture method would 
be only qualitative, whereas those obtained through 
the use of the Tetrazolium Flooding Technique were 
both qualitative and quantitative. 

The improved accuracy made possible by use of the 
Tetrazolium Flooding Technique was clearly illus- 
trated in the inoculated chicken meat samples. The 
results shown in Table 1 indicate that bacterial 


TABLE I 


Plates of chicken samples inoculated with Escherchia coli before 
and after treatment with 2, 3, 5 triphenyltetrazolium chloride 


(TPTZ) 
| Number of | Number of 
colonies colonies 
Dilution 5 ae observed observed Per cent 
dishes prior to 3-5 hr difference! 
flooding after 

with TPTZ flooding 
2 413 458 9.28 
1 48 76 16.8 
2 414 473 12.5 
2 619 646 4.2 
2 132 189 0.2 
4 869 934 7.0 


* Number after treatment—Number before treatment 


100 


‘Number after treatment 


counts, after employment of the technique, were 
higher in every case. 

Before the Tetrazolium Flooding Technique could 
be applied to the estimation of total bacterial count 
in a typical food testing situation, information was 
required to learn whether all microorganisms reduce 
the indicator solution and whether food products re- 
duce the indicator solution. 

Weinberg (10) tested 64 strains of Pseudomonas, 
Aerobacter, Escherichia, Klebsiella, Salmonella, Al- 
kaligenes, Shigella, Proteus, Erwinia, Rhizobium, and 
Chromobacterium for their ability to reduce 2,3,5 tri- 
phenyltetrazolium chloride to its red formazan form 
and found that all were capable of performing the 
reduction. All of the organisms tested in this labora- 
tory reduced the indicator solution. Among these 
were Salmonella pullorum, E. coli, Staphylococcus 
aureus, Streptococcus faecalis, Bacillus subtilis, and 
Clostridium sporogenes. The wide range of organisms 
which reduced the tetrazolium salt suggested the 
possibility that all microorganisms were capable of 
performing the reduction. Broitman (2) and Fifield 
and Hoff (4) reported that some colonies did not turn 
red when grown in the presence of 2,3,5 triphenyl- 
tetrazolium chloride. There are several possible ex- 
planations for the apparent disagreement. Weinberg 
(10) reported that organisms growing in a medium 
containing 2,3,5 triphenyltetrazolium chloride in con- 
centrations less than a particular critical one, failed 
to produce a red color. Eidus et al (3) showed that 
dead bacteria remained unstained when exposed to 
tetrazolium. Observations made during these experi- 
ments showed that an extended period was required 
for the reduction of the indicator when a large num- 
ber of colonies were present on a plate. If the plate 
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was very crowded (5000+ colonies) no reduction 
occurred. Very large colonies and colonies on plates 
which were incubated for an excessive amount of time, 
reduced the indicator slowly or not at all. The re- 
duced rate or the absence of reduction appeared to be 
the result of a decreased metubolic rate which may be 
attributed to the exhaustion of nutrients in the 
growth medium. Thus, the bacterial colonies which 
failed to reduce the indicator may have been of a type 
which was not studied and which actually does not 
possess a mechanism which reduces tetrazolium, or the 
concentration of tetrazolium thay have been insuffi- 
cient, or the metabolic functions of the organism may 
have been reduced below some critical level. 

The data reported in Table 2 show that there were 
colonies present on the Petri dishes of the flounder 


TABLE 2 


Plates of flounder skin samples, at 10°, 10°° or 10°” dilutions, be- 
fore and after treatment with 2, 3, 5 triphenyltetrazolium chloride 
(TPTZ) 


Number of 
uncolored 


Number of 


colonies 


Number of 
colored 


Number 

- observed colonies “olonies Per cent 
Behes prior to hr 3-5 hr uncolored 

flooding after after 
with TPTZ flooding flooding 
8 268 264 4 1.5 
2 407 108 1 0.2 
7 518 525 16 2.9 
8 346 357 11 3.0 
4 162 159 3 1.9 
Total 35 1701 1713 5 Ave. 2.0 
Number uncolored 
100 


Number colored Number uncolored 


skin experiments, which were ineapable of reducing 
the indieator solution. Due to the low incubation 
temperature and the long incubation time used, the 
Tetrazolium Flooding Technique was subjected to a 
severe test in these experiments. The results in Table 
2 show that the average number of colonies remaining 
unstained was in the order of 2%. When this value 
is compared with the per cent difference obtained in 
the experiments in which food particles were present 
(see Tables 1 and 3) it becomes relatively insignifi- 
eant. The gain in accuracy was always greater than 
the 2% error which might be introduced by the un- 
stained colonies. 

In several of the experiments reported in Table 
the Tetrazolium Flooding Technique resulted in 
slightly increased counts due to colonies obscured be- 
cause of their size or position in the plates, but which 
became readily visible after the color reaction took 


9 


place. 

The oxidation-reduction potential of 2,3,5 triphenyl- 
tetrazolium chloride is such that autoclaving, boiling 
to drive off all the oxygen, or subjection to a high 
vacuum such as may be achieved mechanically, results 
in its spontaneous reduction to the red formazan 
form. Food products are seldom capable of achieving 
such a reduced state unless aided by a treatment or 
process. Among the foods screened in this laboratory 
were canned peas, canned carrots, flour, dried egg 
solids, corn starch, raw apple slices, and bologna. 
None of these was capable of reducing the 2,3,5 tri- 


phenyltetrazolium chloride during a 5-hr exposure 
period at room temperature. Because of the somewhat 
remote possibility that a food product may be capable 
of spontaneously reducing the indicator, it is reecom- 
mended that individual products be tested by the in- 
vestigator prior to use of the Tetrazolium Flooding 
Technique. 

As a final proof of the applicability of the Tetra- 
zolium Flooding Technique to obtain more accurate 
estimates of total bacterial count in a food product of 
low bacterial contamination, an actual food product, 
pre-cooked frozen turkey meat, was selected and a 
standard plate count procedure was performed. The 
Tetrazolium Flooding Teehnique was then ineorpor- 
ated into the procedure and the results of the experi- 
ment prior to and after the treatment are presented 
in Table 3. In every case except one, there was an 


TABLE 3 


Plates of pre-cooked frozen turkey samples counted before and 
after treatment with 2, 3, 5 triphenyltetrazolium chloride (TPTZ) 
Estimated no of No of colored 


ior colonies 3 hrs Per cent 


colonies 
Dilution to floodir after flooding difference! 
with TP with TPTZ 
10-2 62 76 +19.7 
67 87 +-23.0 
10-°. 117 158 +25.9 
é ‘ 130 177 +26.6 
10-%... 95 106 +10.4 
10-%..... ‘ 100 118 +15.2 
10-1! 26 +16.1 
20 16 25.0 


1 Number after treatment Number before treatment 


Number after treatment 


increase in colonies detected after the treatment as a 
result of hidden colonies becoming clearly visible. 
The one exception was in a low count plate on which 
4 pieces of turkey meat were mistakenly identified as 
bacterial colonies prior to the tetrazolium treatment. 
The differences observed varied from 10.4% to 26.6%. 
The value of the Tetrazolium Flooding Technique in 
providing more correct estimates of the total count 
was again illustrated. 

There is another source of error which could be 
introduced into an experiment by the use of the Tetra- 
zolium Flooding Technique. This was not trouble- 
some in the experiments herein reported due to the 
availability of low relative humidity (30% to 55%) 
incubation chambers. If higher humidity incubators 
were used a few colonies might be floated off the sur- 
face of the culture medium during the addition and 
spreading of the indicator solution. This may be 
minimized through the exercise of great care and may 
be eliminated by overlaying the poured plate with a 
thin layer of agar prior to incubation using a tech- 
nique similar to that employed when pouring desoxy- 
cholate agar plates for coliform counts in accordance 
with Standard Methods for the Examination of Dairy 
Products (8). 

The ineubation time, when the Tetrazolium Flood- 
ing Technique is employed, should be reduced to 
approximately 80% of that required when perform- 
ing a standard plate count. This reduction will result 
in culture plates containing more actively metabolizing 
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colonies which will reduce the 2,3,5 triphenyltetra- 
zolium chloride rapidly. 


SUMMARY AND CONCLUSIONS 


The Tetrazolium Flooding Technique offers investi- 
gators in the food field an opportunity to obtain more 
accurate estimates of actual numbers of bacteria 
present in many food products of low bacterial count. 
The data of Ziegler and Halvorson (11) illustrated 
the superiority of the plate count method over the 
serial dilution method when accuracy was desired. 
The reported technique allows extension of the range 
in which the standard plate count may be employed. 
This advantage more than compensates for the two 
new sources of error, unstained colonies and floated 
off colonies, which might be introduced into an ex- 
periment through employment of this technique. 

The Tetrazolium Flooding Technique also provides 
a means whereby ineubation time may be reduced 
since small colonies become readily visible upon agar 
plates. 

Use of the tetrazolium flooding method for quanti- 
tative sterility testing in pureed food products as well 
as in solid food products appears possible. 

The technique has many possible applications in 
research and quality control laboratories. The in- 
vestigator must not, however, lose sight of the limita- 
tions of the method. The technique was tested in a 
few specific situations during this study and there- 
fore should not be applied universally without addi- 
tional testing. The factors which must be determined 
prior to adaptation of the Tetrazolium Flooding Tech- 
nique to a procedure include: the suitability of the 
product, the suitability of the bacterial population, 
and the proper adjustment of standard inenbation 
times. 
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Factors Affecting the Drained Weight and 
Firmness of Red Tart Cherries”* 


(Manuscript received May 31, 1958) 


Since RED TART CHERRIES are con- 
sumed largely in baked goods, the baker as well as the 
processor is concerned with drained weight and firm- 
ness. Drained weight, a measure of the usable solid 
portion of the pack, largely determines the yield of 
pies. Since firm cherries will remain plump during 
baking, firmness is a most desirable quality in cher- 
ries from the baker’s point of view. The processor is 
directly concerned with both of these factors, too. 
Soft fruit may lose excessive juice during pitting, 
eausing low case yield, or become excessively pitter- 
torn and flabby, resulting in a low score for charac- 
ter under the U.S. Grade. 

To promote the firming of cherries that are bruised 
and softened by harvest handling, the processor 
usually soaks the fruit in cold water for 2 to 24 hours 
before pitting. The conditioned cherries are better 
able to withstand pitting without excessive tearing or 
juice loss, and they subsequently produce a plump, 
firm-fleshed product with a high drained weight. This 
study has been concerned with those conditions be- 
tween picking and pitting that influence the firming 
process. 

A number of previous studies have been made with 
results which are notably conflicting. Early and per- 
sistent views ascribed the firming of cherries to soak- 
ing (6, 10), to chilling (9, 12, 13), or to both (4). 
More recently a greater appreciation of the role of 
time in inereasing drained weight and firmness has 
developed (1, 2, 9, 11, 13). In addition, holding in air 
has been found on occasion to give equally as much 
firming as soaking in water (2, 12). Fruit maturity 
has been variousiy reported to have no effect on 
drained weight (7), and to impart low drained weight 
in early harvest cherries (9). Even the idea that 
cooling promoted firming has been upset by observa- 
tions that firming progresses more rapidly in the 
absence of chilling (7) and at elevated frozen storage 
temperatures (4). However, work by Whittenberger 
and others (7, 11, 12, 13) has consistently shown that 
firming follows bruising under various conditions, 
resulting in both firmer flesh and higher drained 
weights. 


EXPERIMENTAL 


The firming of red tart cherries in the interval between 
picking and pitting was observed under various conditions in 
1955 and 1956. The effects of time, temperature, bruising, and 


* Presented at the Eighteenth Annual Meeting of the Insti- 
tute of Food Technologists, May 27, 1958, Chicago. 

» Approved by the Director of the New York State Agricul- 
tural Experiment Station as Journal Paper No. 1217, April 8, 
1960. 
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holding in air versus soaking in water were investigated. The 
use of a harvest sequence also permitted the effect of fruit 
maturity to be observed. 

During the 1955 season a series of 9 experimental lots was 
used to compare the firming of cherries at elapsed times after 
picking of 0, 3, 6, and 10 hr at 40° F and 0 and 6 hr at 80° F. 
These lots also included direct comparisons of soaking in water 
vs holding in air. In 1956 soaking time was studied further to 
include times of 0, 1, 244, 4%, 7 and 9%4 hr at 45° F. In each 
case, to the nominal elapsed time of holding or soaking must 
be added the half-hour required to harvest the fruit and trans 
port it to the processing facilities. Another study in 1956 com 
pared unbruised fruit, picked by and with stems, with normally- 
and badly-bruised cherries. 

Montmorency cherries were obtained from a young orchard ‘ 
only a half-mile distant from the pilot plant processing facili- 
ties. In each experiment the several 30-lb lots, to be subjected 
to a series of processing conditions, were picked in sequence 
from a group of 5 trees. This allowed the picking time to be 
specific to within 7 min while holding the source of fruit con 
stant. The 6-lb fractions from each tree were picked non- 
selectively from a narrow wedge section so as to represent ade 
quately the prevailing maturity of the fruit. Cherries were 
harvested and processed weekly, repeating at each harvest the 
same series of experimental conditions. This was done both to 
determine the effeet of harvest date and to avoid the error of 
basing results on some arbitrarily chosen fruit maturity. 
Rather, we obtained an average over the harvest season. 

In order to insure uniformity of bruising throughout the 
experiments, selected personnel performed the picking. The 
resulting moderate degree of bruising was then augmented 
within a half-hour after harvest by pouring the fruit once from 
a height of 30 inches in a special jig onto a slanting, self- 
cleaning surface. The two degrees of bruising studied were 
obtained by omitting this extra bruise in one lot and repeating 
it twice in the other. 

The proximity of the orchard allowed the unavoidable hold 
time between picking and further processing to be reduced to 
one-half hour. It was a matter of considerable importance to 
minimize this lag in these experiments. The desired holding 
temperatures were attained soon after harvest by carefully 
spreading the cherries out in trays in the proper environment, 

Soaking was accomplished in a series of six 10-gallon tanks 
modeled after commercial tanks with bottom-mounted mani- 
folds. Water was recirculated from the tank overflows through 
a refrigerating system to these manifolds. Soak temperature 
was thermostatically controlled in each tank and monitored 
through thermocouples by a recording potentiometer. Thermo- 
statically-controlled rooms were used for holding in air at 40 
and 80° F. After holding or soaking, the cherries were sorted 
on a white conveyor belt under a MacBeth Examolite and 
pitted in a Dunkley small mechanical pitter of 300 lb per hour 
capacity. 

The accurate evaluation of drained weight depends in part 
on careful packing of the fruit. Since considerable juice sepa- 
rates from the cherries during and immediately after pitting, 
the extent to which the fruit is drained and the ratio of juice 
to fruit in the pack must be precisely controlled, particularly in 
the frozen pack. To meet these requirements the pitter was 
first rinsed with water and allowed to drain 2 min before 
pitting. Directly after pitting the cherries were drained in a 
3-inch layer on a 4-mesh screen for 5 min. An aliquot of this 


* Loeated on the Experiment Station tract. 
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drained juiee was then added to each No. 2 can packed as a 
proportional part of the normal fill-in weight of 450 g. 

Packing of cherries to be frozen was completed by adding 
dry sugar to the fruit in the ratio of 1:5. The sugar and juice 
aliquot were filled into the bottom of the ean and the cans were 
inverted during freezing to dissolve and distribute the sugar. 
The freezing was accomplished in still air at 0° F. Hot-packed 
cherries were covered with water at 160° F, exhausted for 10 
min in a 180° F agitated bath, closed with mechanical vacuum, 
retorted for 12 min at 211° F, and finally cooled in running 
tap (70° F) water. Twelve No. 2 cans were packed for each 
lot, 6 for hot-pack and 6 for freezing. Storage temperature for 
the frozen and canned products were 0 and 75° F, respectively. 

Firmness of freshly-pitted cherries was measured in terms 
of resistance to compression. This was accomplished indirectly 
by determination of the bulk density of pitted fruit in an ordi- 
nary 10-lb fruit ean. The can was filled level-full with cherries 
in a close-packed arrangement by tapping the can on a hard 
surface while filling until settling of the fruit ceased. The 
pitted fruit deforms under its own weight, reducing inter- 
stitial voids in proportion to its firmness or resistance to com- 
pression, Soft fruit deforms the most, increasing the weight 
of fruit occupying the can volume of 0.184 cubic feet. Pro- 
eedural error is due mainly to the operater’s concept of level 
full, while sampling error is small since the 11-lb sample con- 
stitutes about half the experimental lot. 

Both frozen and canned samples were graded by Processed 
Products Inspectors of the U.S.D.A. Three cans of product 
from each lot were inspected after 3 months’ storage and 3 
more after 10 months. Subjective seores for character (princi- 
pally firmness) and color were assigned and counts were made 
of pitter-torn and of sealded cherries. A seald index was caleu- 
lated by weighting moderately and seriously sealded cherries 
one and two, respectively. 

In this paper drained weight is expressed as the per cent 
of put-in weight of cherries, juice, and sugar which is retained 
on the drainage sieve. A drained weight was determined on 
these same samples just prior to inspection. The procedure for 
taking drained weights of the frozen product, which is not de- 
scribed in the U. 8S. Grade, was as follows: The cans of fruit 
were first brought to a fairly uniform temperature by thawing 
in pails of water in a room at 40° F. Within 6 hours the cans 
became encased in ice and remained close to the 32° F level 
throughout the period of inspection. Samples were broken out 
of the ice as used so that the temperature of the fruit just 
before dumping on the screen ranged from 28° to 35° F. This 
temperature control inereases the precision of the drained 
weight determination. The fruit from the No. 2 cans was 
drained on standard 8-inech, 8-mesh sereens for 2 min. 

Statistical analysis. The data were subjected to analysis of 
variance in 3 separate sets, the 9 treatment X 4 harvest set 
from 1955 and both a 6 treatment X 3 harvest set and a 3 
treatment » 3 harvest set from 1956. Interactions, none of 
which was significant, were lumped in the error variance. F 
values were first inspected for presence of significant differ- 
ences among treatments and harvest. The least significant 
differences (LSD) for treatment and harvest means were then 
ealeulated using Dunean’s new multiple range test (3). This 
method of comparing a series of means compensates for the 
use of ‘‘t’’ in the comparison of more than two treatment 
means, The method, in recognition of the impracticability of 
maintaining a protection level of 95% in multiple comparisons 
of the type encountered here, both increases the LSD, and lowers 
the proteetion level. Corrections are applied only to prevent 
the protection level from falling below certain limits, which 
are (N +1) powers of 0.95, when comparing means separated 
by NV places in the range. Use of this method here increases 
the normal LSD’s by approximately 10%, in comparing the 
extremes in a set of 6 data, and by 15% in a set of 9 data. 


RESULTS 


Soaking time. During the 1956 season a decided increase in 
both drained weight and firmness occurred as soaking time was 
prolonged, as shown in Table 1. The per cent drained juice, 
bulk density of pitted fruit, and per cent pitter-torn cher- 
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TABLE 1 


Effect of time on the drained weight and firmness of cherries 
soaked at 45° F. Data are averages of three lots 
harvested at weekly intervals in 1956 


Soak time, hours 


0 i 2% 4% 7 9% 
Juice drained after 
15.4 13.4 11.9 9.9 9.1 8.5 
Bulk density, pitted | 
fruit, kg/10-1b can......... 4.97 4.97 4.89 4.83 4.80 4.75 


Drained weight, % 
, eae 89.7 9. 90. 92.4 93.4 94.0 


Pitter-torn cherries, % 


tol te 
to 
x 


Canned... 


Character score | 
| 31.4 32.6 


33.7 33.6 34.0 34.4 
34.6 34.2 34.9 34.5 


Data underlined do not differ significantly at the 5% level 


ries all decreased; drained weight and character scores of 
beth frozen and canned products improved. The trends are 
all similar in exhibiting reduced rates of change as soaking 
time is prolonged. However, in several of these only a mini- 
mal reversed trend is apparent in the first hour with maximum 
rate of change occurring between 1 and 24% hr. This is not 
presently understood and may be due to some inadequacy in 
procedure. 

Data in Table 1 are presented in such a manner that the 
significant differences may be readily seen. Data linked by 
underlining do not differ significantly at the 5% level. For 
each parameter measured and presented in the table, the ex- 
tremes at least in the observed trends are significantly different 
at this level. Moreover, the frequent occurrence of such dif 
ferences in the interval 1-2% hours is very apparent, suggest- 
ing that the maximal rate of change may be occurring at that 
particular time. 

Data in Table 2 from the 1955 season substantiate the in- 
creases in drained weight and firmness with extended soak time 
which have just been demonstrated. Per cent drained juice, 
bulk density, and per cent pitter-torn cherries all decreased as 
either hold or soak time was prolonged; drained weight and 
character score increased. Each trend also shows a higher rate 
of change in the first 3 hours, as before. The underlining of 
data in Table 2 again calls attention to the significant differ 
ences occurring in each quality factor in this first interval. 

Holding in air vs soaking in water. A direct comparison of 
holding cherries in air vs soaking them in water demonstrates 


TABLE 2 


Comparison of cherries held in air or soaked in water at 40° F, 
for periods ranging from 0-10 hours. Data are averages 
of four lots harvested at weekly intervals in 1955 


| Di D2 D3 D4 D5 D6 
0 3 6 7 io 6010 L.8.M.D 
hours hours hours hours hours hours 5% 


soak soak hold | soak hold 
Juice drained after 
pitting, % ............. 19.9 13.8 12.7 12.1 10.1 9.9 1.8 


Bulk density of 
picted fruit, 


kg/10-]b ean......... 5.10 4.87 4.82 4.82 4.70 4.73 0.10 
Drained weight, % 

Frozen......... — 9.9 92.0 93.3 93.7 92.7 93.6 24 

Canned 85.6 86.3 86.6 89.3 2.0 
Pitter-torn cher 

ries, % | | 

Frozen... ima OS 4.9 4.8 3.4 1.8 1.9 3.0 

Canned............+..0+ 9.0 4.3 49 5.5 2.3 1.9 3.9 
Character score 

33.3 31.8 32.8 | 33.4 33.8 2.8 

Canned 32.2 31.8 382.3 | 34.1 34.5 2.6 


Data underlined do not differ significantly at the 5% level 


| 
} 
a 
WwW 
Canned 80.5 82.0 83.5 84.1 85.6 86.4 
4 
4 


DRAINED WEIGHT AND FIRMNESS OF RED CHERRIES 


TABLE 3 


Comparison of cherries held in air or soaked in water for six hours at 40° and 80° F. Data are 
averages of four lots harvested at weekly intervals in 1955 


6-hour soak in water 


D3 Dg 
40°F 
Juice drained after pitting, %............. pu 12.7 13.2 
Bulk density pitted fruit, kg/10 Ib can aad 4.82 4.77 
Drained weight, % 
Frozen.,.......... 93.3 92.6 
Canned........ 85.7 85.9 
Pitter-torn cherries, % 
Frozen........... 4.8 2.5 
4.9 2.6 
Character Score 
Frozen....... 31.8 32.9 
Canned............. 31.8 34.3 
Color Score 
17.8 16.5 
Scald Index 
2.6 10.9 


' Difference—underlining denotes apparent improvement at 40° F. 


* Significant at 5% level. 
** Significant at 1% level. 


that these techniques are roughly equivalent in terms of product 
firmness. Data in Table 2 show only one significant difference 
in drained weight where cherries were held or soaked at 40° F 
for either 6 or 10 hr. Specifically, the juice drained after 
pitting, the bulk density of the pitted fruit, the per cent of 
pitter-torn cherries, and the character score are the same for 
these two processing conditions. 

The lone exception lies in the drained weight of the canned 
product for the However, note that drained 
weight is consistently higher for air-held cherries in both 
eanned and frozen products at either 6 or 10 hr, though only 
significantly so in this one case. The tendency in this direction 
is not unexpected in view of the slight water uptake experi- 
enced in soaking as against the slight desiccation, which oceurs 
during holding in air. 

Additional evidence of the 
firming, of holding in air and soaking in water is found in 
Table 3, where the comparison is made at 80° F as well as at 
40° F, At neither temperature are there significant differences 
among the quality factors measured. 


10-hr process. 


equivalence, with respect to 


Temperature. The temperature of hold or soak had little effect 
on the firmness and drained weight of cherries (Tabie 3). Sig- 
nificant differences resulting from 6 hr at temperatures of 40° 
and 80° F were observed only in color seores and in seald 
index, Differences in drained weight and firmness were gen- 
erally much smaller than those required for significance. This 
seems to disprove the contention that chilling promotes firm- 
ing, particularly since most of the slight differences observed 
lie in the direction of improved firmness and drained weight at 
the higher temperature. At least it is clear, as shown in pre- 
vious work (8), that seald damage is higher at 80° F than at 
40° F, resulting in significantly lower color seores and even 
down-grading of the frozen product. 

In order to evaluate directly the influence of temperatures, 
while reducing the effect of time, chilled and unchilled cherries 
were pitted within one-half hour after picking. Data in Table 
4 show no significant differences between pitting warm or cold 
cherries with reference to drained weight or firmness. How- 
ever, a significant difference does appear in the color seore of 
the frozen product. Apparently the failure to chill the fruit 
before pitting allows some scald to develop in the fruit after 
packing, before the contents of the can cool sufficiently to 
prevent it. 

Bruising. In a comparison of three degrees of bruising, sig 
nificant differences in firmness were found mainly between the 
badly-bruised and either unbruised or normally-bruised fruit. 


6-hour hold in air 


L.8.D D5 D8 L.8.D 
Ai 5% 40°F 80°F \ 5% 
0.5 1.9 12.1 12.8 0.7 1.9 
0.5 0.10 4.82 4.76 6 0.10 
0.7 2.2 93.7 93.9 2 2.1 
0.2 2.0 86.3 87.3 1. 2.1 
1.7 3.2 2.0 1.4 3.2 
1.7 4.1 5.5 2.1 i.4 45 
1.1 | 32.8 32.5 0.3 2.8 
2.5 0 32.3 3.6 1.3 2.6 
1.3* 0.7 17.5 16.9 0.6 0.7 
0.7* 5 17.8 17.4 0.4 0.5 
R.3** 2.0 6.3 12.8 6.5 2.0 

TABLE 4 


Comparison of cherries chilled (40° F) before pitting with those 
pitted at orchard temperature (80° F). The data are averages 
of four lots harvested at weekly intervals in 1955 


Objective test of D1 D7 Difference, | L.8S.M.D. 
quality 40°! 80° F D1—D7 5% 


Juice drained after 


Pitting, 19.9 18.5 +1.4 1.8 
Bulk density of pitted 

fruit, kg/10 lb can... 5.10 5. 10 0 0,10 
Drained weight, % 

80.8 82.5 1.7 2.0 
Pitter-torn cherries, % 

9.8 8 + 1.8 3.0 

9.0 8.0) +1.0 3.9 
Character score 

Frozen.. 27.7 28.4 0.7 2.8 

Canned 28.4 +0.4 2.6 
Color score 

Frozen j 18.5 17.8 +0.7* 0.7 

Canned... 17.6 i7 +-0.3 0.5 
Seald Index 

Frozen oe 1.4 2.4 1.0 1.8 


Significant at 5% level 
Differences underlined indicate apparent improvement in quality at 
40 


No difference resulted from the lesser degrees of bruising 
(Table 5). The badly bruised fruit had higher drained weight 
in the frozen product and fewer pitter-torn cherries in both 
eanned and frozen products than cherries bruised to a lesser 
extent, On the other hand, the 
a significantly lower color score in the frozen jroduct, proba- 


badly-bruised cherries also had 


bly as a consequence of thc higher seald index, 

Harvest date, Fruit maturity, or harvest date, had a decided 
effect on firmness and drained weight, as shown in Table 6. 
ind more juicy as they 
ripened. drained after pitting, 
bulk density, and pitter-torn cherries while drained weight and 
Significant 
changes were noted in each parameter measured, but they are 
found most frequently between the first two weekly harvests. 
This suggests that changes occur most rapidly in the cherries 


Cherries became progressively softer 


Increases occurred in juice 


character score diminished as the fruit matured. 


“arly in the harvest season. 
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TABLE 5 


Effect of bruising on the drained weight and firmness of cherries 
soaked 5% hours at 50° F. Data are averages of three 
lots harvested at weekly intervals in 1956 


Degree of bruise 


L.38.D 
Normally Badly % 
Unbruised bruised bruised 

Juice drained afte 
pitting, % 9.9 10.1 10.0 

Bulk density of pitted fruit, 
kg/10-1b can 4.78 4.76 4.82 0.10 

Drained weight, % | 
Frozen. ow 90.9 92.0 93.5 | 2.1 
Canned.... 83.6 86.1 3.0 

Pitter-torn cherries, % 

Frozen 3.5 1.3 2.2 
Canned... . — sol 2.8 2.3 16 | 2.0 

Character score | 
Frozen. ‘ 33.6 33.3 33.2 | 2.0 
Canned... 13.2 33.5 34.9 3.5 

Color score 
Frozen....... | 17.5 16.7 15.7 1.3 
Canned....... ‘ af 17.3 17.0 17.3 

Scald Index : 
Frozen 47 8.7 12.3 8.5 


Data underlined do not differ significantly at the 5% level. 


DISCUSSION 


The increases in firmness and drained weight ob- 
served in this study, in connection with prolonged 
holding or soaking and particularly in bruised fruit, 
establish that from a practical standpoint firming of 
cherries after harvest does occur. This firming, or 
toughening, of cherries in the interval between pick- 
ing and pitting has been observed by other investi- 
gators and ascribed to an actual repair or recovery 
of the bruised tissue (11). This repair is further 
deseribed as both a strengthening of the intercellular 
cement and a thickening of the cell walls. More re- 
cently it has been suggested that the enzymic deesteri- 
fication of pectic substances may be involved in a 
similar toughening of frozen cherries held at 20° F 
or higher (4). 

Other explanations of the post-harvest firming of 
cherries have emphasized the necessity of chilling the 
fruit, although no suggestion has been made of what 
physiological mechanism, other than increase in tur- 
gor, might be responsible for firming. Although it is 


TABLE 6 


Changes in the drained weight and firmness of cherries harvested 
at weekly intervals during 1955. Data are averages of nine 
lots representing various processing conditions 


Harvest date L.8.D 
7/11 7/18 7/25 8/1 %e 
Juice drained after | 
pitting, %.......... 10.0 13.6 146 16.5 1.2 
Bulk density of pitted fruit, 
kg/10-1b can. euunccecscecee | 4.67 4.78 4.91 5.05 0.10 
Drained weight, % | 
a | 95.4 92.4 90.5 91.5 | 1.4 
Canned....... -| 88.4 85.4 83.3 865.1 1.3 
Pitter-torn cherries, % 
Frosen.............. 48 87 49 | 20 
Canned....... 2.3 3.9 5.4 6.0 | 26 
— | 
Character score | | 
34.0 0.3 304 | 1.9 
Canned.......... 84.5 31.2 30.7 | 1.8 


Data underlined do not differ significantly at the 5% level. 


true that increased turgor is usually associated with 
soaking in cold water, probably because of water up- 
take, this has little influence on the final firmness of 
the pitted product. At most there may be a tendency 
for the pitting needles to cut through the skin of 
turgid cherries more cleanly. The experiments de- 
scribed here, however, fail to demonstrate any effect 
of temperature alone. 

Conclusive evidence has been presented that the 
toughening of cherries occurs as readily in air as in 
water, contrary to the prevalent belief in the industry 
that soaking is required. An increase in turgor when 
cherries are soaked vs a slight desiccation and loss of 
turgor when they are held in air may account for the 
common association of firming with soaking. How- 
ever, as has been pointed out, turgid cherries are not 
necessarily tough-fleshed. Drained weight may even 
be improved by the partial desiccation experienced in 
air-holding, although at the probable expense of 
processing yield. 

It has been suggested that cherries bruised just 
enough to spontaneously undergo the toughening 
process may actually provide a firmer product than 
that from unbruised fruit. This was partly borne out 
by the improvements in drained weight and pitter- 
tear experienced with badly bruised cherries in the 
present tests. Product bulk density and character 
score showed no improvement, however. Moreover, 
any advantage was more than offset by the deterio- 
ration of color due to seald and oxidation in the 
bruised fruit. It must also be remembered that fruit 
which is ‘‘mashed’’ as opposed to merely bruised will 
make no such recovery. Certainly, cherries are ordi- 
narily bruised enough to promote both the desired 
firming and undesirable seald. 

The softening of cherries observed during ripening 
is of considerable importance to the processor. Not 
only does it adversely affect character and drained 
weight of the processed product, but it may render the 
fruit more susceptible to bruising. This may intensify 
scald damage just as the difficulty experienced in 
separating cherries from their stems results in in- 
creased bruising and scald early in the harvest. 

A critical look at the determination of drained 
weight is now in order. It is apparent that the tech- 
nique of adding an aliquot of the juice drained after 
pitting to each can of cherries causes the drained 
weights in this study to follow the trends established 
by the drained juice quite closely. However, if the 
drained weights are calculated on the basis of the put- 
in weight of cherries only—without juice—an in- 
teresting turnabout is observed (Table 7). 

Caleulated in this manner the drained weights now 
appear inversely proportional to processing time, re- 
versing the trend observed in Table 2. Moreover, the 
differences among 0, 6, and 10 hr holding or soaking 
time are decidedly significant. This indicates that 
cherries which bleed excessively right after pitting 
lose proportionately less juice when the processed 
product is drained. This does not invalidate the con- 
clusions of this report relative to drained weight, but 
it may explain the disagreement with previously re- 
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No splash... 
No spill... 
No overfill! 


Versatile Flocron dispenser 
ends costly ingredient loss 
for 63 different products! 


Companies who pack, process or can every- 
thing from apple sauce and pickled beets to 
chicken soup and canned meats report sub- 
stantial ingredient savings since using the 
new Flocron liquid dispenser. For the amazing 
Flocron avoids waste inherent in ‘‘overflow 
fill’ systems, stops ‘‘splash loss'’ and dis- 
penses more than forty different ingredients 
with speed and pin-point accuracy that saves 
money. 

The versatile Flocron is actually a precise 
electronic system with photoelectric circuits 
in a sealed unit and a new lever-type photo 
switch to activate dispensing. It assures ac- 
curacy, even on lines handling up to 300 units 
per minute! Remote electronic controls per- 
mit you to ‘‘dial'’ the exact amount of liquid 
required for varying can sizes. 


Designed for efficient, low cost operation. 
The Flocron is made of stainless stee! and 
plastic and is constructed to avoid corrosion 
and lengthy breakdowns that result in costly 
downtime. There are no valves to stick or 
clog, and the Flocron is easily cleaned by 
circulating a detergent solution through the 
fluid system and following this operation 
with a sanitizer. 


No need to revise production fines. The 
Flocron can be operated with existing equip- 
ment. Scientific Dispensing Company tech- 
nicians are available in all areas to assist with 
installation and service problems. 


Some of the liquids you can dispense with 
the Flocron include: ascorbic acid, beef 
gravy, brine, concentrated syrup, hot butter, 
Monosodium Glutamate, spice oils, sugar 
and brine, tomato puree and vinegar. 

For a complete list of ingredients the 
Flocron dispenses and for additional informa- 
tion about the Flocron itself write: 


Scientific Dispensing Company 
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110 North Wacker Drive, Chicago 6, lilinois 
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DRAINED WEIGHT AND FIRMNESS OF RED CHERRIES 351 


TABLE 7 


Drained weights based on put-in weight of cherries alone, without juice 


D4 D6 
Hold or Soak | 
Drained weight, frozen, %........ 103.2 103.9 106.6 


level. 


Data underlined do not differ significantly at the 5° 


ported results of other observers. It is evident that 
whether a positive, negative, or inconclusive result 
is obtained when the effect of a treatment on drained 
weight is being investigated will depend on the pro- 
portion of juice which is actually lost at the pitter 
and not incorporated in the product as part of the 
fill-in weight. The results reported in this paper were 
obtained with minimum juice loss and must be con- 
sidered in that light. Otherwise differences in drained 
weight might have been outweighed by considerable 
differences in yield. The juice-loss experienced in 
commercial practice may be moderate to heavy, proba- 
bly somewhere in between the extremes examined 
here. It is not clear whether, in normal commercial 
experience, drained weight suffers from pitting too 
promptly after picking or not. This depends entirely 
on the juice loss permitted in the equipment. It is 
clear, though, that if drained weight is not low, then 
vield is. 

Considerable success was experienced in measuring 
the firmness of freshly-pitted cherries by means of 
bulk density. Significant differences were readily 
obtained among treatments and harvests, and the 
trends observed were in agreement with character 
scores of the final product. Bulk density is actually 
a measure of the resistance to compression of the 
pitted cherry, free of the misleading balloon-like tur- 
gor of the unpitted fruit. Since it readily measures a 
large sample with simple equipment, the procedure 
may be well adapted for on-the-line quality control. 
However, consistent results do require careful tech- 
nique by the operator. 

The conflicting demands of color and flavor on the 
one hand, and of firmness and drained weight on the 
other must be emphasized. Color and flavor are 
enhanced by processing unbruised fruit rapidly and 
at a low temperature. However, firmness and drained 
weight may be improved by prolonged aging of 
bruised fruit without the need of chilling. The 
processing of red tart cherries therefore involves a 
compromise between these requirements to obtain the 
best over-all quality. In practice this compromise 
process should prevent excessive damage of the fresh 
fruit during picking and subsequent handling, encour- 
age prompt chilling to 40—50° F, and limit the com- 
bined holding and soaking period to a total of 4 to 10 
hr. For the frozen product low packing temperature 
and rapid freezing are additional requirements. 


D5 Dg D3 D&S D7 D1 
6 6 6 6 0 0 
40 80 10 80 80 40 

196.6 106.6 106.8 107.7 111.2 112.2 


cherries are time elapsed between harvest and pack- 
ing, degree of bruising, and fruit maturity. Prolonged 
holding time provides progressively higher character 
scores and drained weights in the processed products, 
whereas the ripening of the fruit has the opposite 
effects. Although bruising also tends to augment 
firmness in the final product, it has the disadvantage 
of promoting decidedly greater scald. 

No difference was found between the firming effects 
of holding in air as compared to soaking in water. 
Neither were any significant differences in firmness 
observed when holding or scaking temperatures of 40 
and 80° F were compared. The higher temperature 
merely encouraged scald damage. 

In general, conditions which favor high drained 
weight and firmness in red tart cherries are also con- 
ducive to seald and adversely affect color. As a com- 
promise between these two quality objectives, it is 
suggested that cherries be handled with minimal 
bruising and be promptly chilled and soaked in cold 
water for moderate periods of 4 to 10 hours. 
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White Table Wines 


(Manuscript received February 9, 1960) 


‘Tus SHELF STORAGE LIFE of many 
unfortified dry white table wines depends primarily 
on the effectiveness of pre-bottling pasteurization or 
the amount of free sulfur dioxide retained during 
storage. Few wines are sterile when ready to bottle. 
To ensure biological stability, wineries either pas- 
teurize or add relatively large amounts of sulfur 
dioxide. Either method enhances biological stability, 
but can add off-flavors. 

When added to wine, sulfur dioxide combines with 
certain sugars and aldehydes to some extent, forming 
sulfonates. In this combined (fixed) form it is rela- 
tively inactive as an inhibitor of yeast or bacterial 
growth (9). Wines of lower pH values in general 
require less total sulfur dioxide to maintain an effec- 
tive level of free sulfur dioxide (13). The role of 
sulfur dioxide as a microbial agent, antioxidant, and 
yeast inhibitor has had detailed reviews by Amerine 
(2), Ingram (10), Joslyn (11), and Joslyn and 
Braverman (12). 

Amerine and Joslyn (3) pointed out that reason- 
able cellar care preceding bottling eliminates a need 
for excessive amounts of sulfur dioxide. The general 
tendency is nevertheless to make sure of biological 
stability by using more sulfur dioxide than necessary. 
It is questionable whether the fewer wines that cloud 
on the shelves justify the decrease in wine quality 
caused by sulfur dioxide above threshold level. 
Concentrations of 100 to 150 mg per liter of total 
sulfur dioxide may be tolerable to wine tasters evalu- 
ating dry wines. The literature (6, 8) on this subject, 
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Effects of Sulfur Dioxide, Temperature, Time, and 
Closures on the Quality of Bottled Dry 


C. $. Ough, E. B. Roessler and 
M. A. Amerine 


University of California, Davis, Calli- 
fornia. 


however, is not in complete agreement. Amounts 
greater than this can usually be detected and may be 
considered detrimental to wine quality. 

Serew cap closures for wine bottles have become 
increasingly common in the last 10 years. This type 
of closure as presently used is satisfactory (4), de- 
spite harm to an occasional wine. 

The present experiments were conducted at two 
sulfur dioxide levels to determine how storage tem- 
perature, length of storage, and closure affect the 
retention of sulfur dioxide in the wine and wine qual- 
ity as judged by an experienced taste panel. 


EXPERIMENTAL 


Design. Three series of wines were stored at 4 temperatures 
with 2 levels of sulfur dioxide coneentration (series I and IT). 
These variables as well as 2 closure types were tested (series 
lil). 

Storage and temperature. Wines were stored in standard 
's-gal wine bottles. Storage temperatures were controlled to 
+1.0° F for 32°, 53°, and 70° F, and to +5.0° F for 120° F. 
The bottles were stored on their sides, ensuring liquid contact 
with the closures. 

Closures. Two types of closures tested were 1% in corks 
(extra first quality, hand cut, no. 9 size) and aluminum metal 
serew caps with cork and plastie liners. Corks were inserted 
with a hand corker, and the caps put on with a commercial 
machine capper. A check was made several days after bottling, 
and any leaky corks or caps were replaced. 

Tastings. Tastings by 8 experienced tasters were conducted 
after storage for 1, 9, and 22 months. A 20-point seoring 
system was used (lower value indicates lower quality). Wines 
were presented in random order and properly coded (5). In a 
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QUALITY OF BOTTLED DRY WHITE TABLE WINES 


TABLE 1 


Effects of temperature and time on sulfur dioxide concentration in two wines at two sulfur dioxide levels 


(Series I and I1) 


Total sulfur dioxide mg/! Free sulfur dioxide mg/! 
Temperature Relative 
Series of storage sulfur dioxide Time of storage (months) Time of storage (months) 
°F level = 

1 9 22 1 4 22 
I 2 High 241 181 193 135 0 90 
22 198 187 12 10a 
70 210 212 186 i2 9 B2 
120 212 146 
32 Low 95 67 69 14 12 7 
53 92 66 56 
70 78 63 64 ) 7 6 

120 73 45 Q 
IT t2 High 254 238 150 115 127 
53 248 06 218 39 10 102 
70 246 04 210 128 105 97 
20 223 161 120 102 75 23 
32 Low 100 a6 45 17 13 
53 92 82 80 21 17 12 
70 69 14 
120 75 50 35 11 9 5 

separate tasting the panel was asked to rank 8 samples from some interesting variations. For the high sulfur di- 


each series in order of quality. 
Analyses. Chemcal analyses were made by the methods of 
Amerine (1). Standard statistical procedures were used for the 


analyses of variance. Significant differences between mean 


scores were determined by the method developed by Dunean (7). 


RESULTS AND DISCUSSION 


Total and free sulfur dioxide determinations for 
the first 2 series of wines (Table 1) indicate no major 
differences between the series. With both high and 
low sulfur dioxide levels at the three lowest tempera- 
tures (32°, 53°, and 70° F), total and free sulfur 
dioxide concentrations declined fairly rapidly during 
the first 9 months. No major changes were noted after 
that time. At 120° F, both total and free sulfur 
dioxide continued to decrease up to the last determina- 
tion, at 22 months. 

In the third series of wines, the total and free sul- 
fur dioxide determinations (Table 2) reflect the same 
changes for the corked sample as described for the 
first 2 series. The capped samples, however, showed 


oxide levels the temperature 
pronounced at 9 months for 
sulfur dioxide concentrations. Also considerably 
greater sulfur dioxide concentration are 
noted in the high level of sulfur dioxide in all the 
capped samples as compared with the corked ones at 
the same temperatures throughout the entire storage 


effect at 70° F is quite 
both the total and free 


losses in 


period. At the lower levels of sulfur dioxide, however, 
capped and corked samples showed only slight differ- 
ences in sulfur dioxide concentrations. 

Slight differences were noted between high and low 
pH and in total 
acids, but no more than would be expected from the 
addition of a weak acid to a buffered solution. Tem- 
perature, time, and closure were net related to pH or 
total acid. 


sulfur dioxide concentrations in 


Color effects from the 2 levels of sulfur dioxide are 
pronounced. These data (Table 3) show that the high 
level of sulfur dioxide, at the 3 lower temperatures, 
kept the wine almost water white, whereas at the low 


TABLE 2 


Effects of sulfur dioxide at two concentration levels in wine from temperature, time, and closures 
(Series III) 


Total sulfur dioxide mg/] Free 


Temperature Relative 
Closure of storage sulfur dioxide 
°F level 
1 
Oap (metal) 32 High 248 
232 
70 210 
120 188 
32 Low 41 
53 | 37 
70 36 
120 19 
Cork 32 High 234 
53 | 227 
70 222 
120 198 

32 Low 41 
53 7 
70 36 
120 20 


Time of storage (months) 


sulfur dioxide mg/l] 


Time of storage (months) 


9 22 1 22 
07 180 168 13 97 
191 112 153 110 17 
134 69 130 61 6 
16 8 102 4 1 
27 22 12 7 3 
26 29 7 4 3 
25 21 7 2 2 

7 7 4 2 1 
21 205 165 144 
I 197 149 122 112 
175 207 144 104 115 
1 108 4 
29 24 15 4 3 
26 33 7 3 
2: 22 7 8 
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Serie Closure High sulfur dioxide 
32° F 53° F 70°F 

I Cok 3.8 3.8 3.8 

Cork 4.8 3.8 3.8 
iil Cork 3.6 3.6 3.6 
itt Cap 6 4.0 4.8 
I Cork 971 97.0 97.2 

il Cork 07.7 97.0 96.9 
lit Cork 97.1 98.5 97.4 
iit Cap 97.1 j 97.1 97.3 


Duboseq color comparator readings decrease as color decreases 


level the color was close to what would be normal 
after 22 months. At 120° F at both high and low 
levels of sulfur dioxide the color became very dark. 
Some corked samples at 120° F were lost in storage, 
liquid expansion pushing out the corks. Of the re- 
maining samples several had relatively high sulfur 
dioxide concentrations yet darkened in color. At the 
120° F storage temperature the capped sample at the 
higher initial sulfur dioxide concentration became 
much darker than the sample at the lower sulfur 
dioxide level. It is also interesting that, at the end of 
the storage test, both were down to a very low value 
of free sulfur dioxide (1.0 mg per liter). 

Tasting results (Tables 4 and 5) indicate a high 
degree of consistency between series | and II. In both 
cases, significant differences were found with differ- 
ences in time, tasters, sulfur dioxide levels, and stor- 
age temperatures. The interactions indicate that the 
wine tasters did not all react the same to time of stor- 
age and to sulfur dioxide level. In the second series 
there was also a significant interaction between tasters 
and temperatures of storage. 

Significant differences in the mean scores for the 
first 2 series (Tables 6 and 7) indicate that the 120° F 
storage temperature for one month (or less) was 
detrimental to the wines. The high sulfur dioxide 
level wines were generally scored significantly lower 
than the low sulfur dioxide level wines. The high 
level sulfur dioxide wines scored relatively lower as 


TABLE 4 
Analysis of variance’ 
(Series I) 
Source of variation 8.8, df. Var. 
” 1,369.36 143 
59.82 2 29.91**2 
Tasters.. 305.15 7 43.59** 
Levels SOv..... 350.00 1 | $50.00** 
Temperatures................... 64.26 2 32.13** 
Interactions 
Tasters X Time................ 144.93 14 10.35** 
Temp X Time... 23.86 4 | 5.96 
SOs X Tasters. 68.99 7 9.86** 
SOs X Time. 12.47 2 6.24 
ee 11.57 2 5.78 
Temp X Tasters. 71.82 i4 5.13 
| 256.48 a8 | 2.91 
Combined error term. | 376.21 110 | $8.42 


1 The 120° F storage temperature not included in this analysis. 
** Significant at 1% level. 
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TABLE 3 


Color of wines after twenty-two months storage with the various treatments 
(Series I, II, and III) 


Low sulfur dioxide 


120°F | 70°F 120° F 


60.0 6.4 7.3 
19.4 6.1 6.2 6.1 26.0 
52.0 7.7 7.9 8.3 25.0 
% Transmission? at 540 mme 

64.8 94.4 94.2 | 
92.8 95.5 96.4 96.5 86.5 

93.9 95.9 94.1 
2 94.4 77.0 


71.0 93.9 


* Per cent transmission measured with 10 mm ceil, water reference, in Beckman DU spectrophotometer 


time progressed than did the lower level sulfur di- 
oxide wines. At the 3 lower storage temperatures at 
both sulfur dioxide levels there seem to have been 
no consistent significant mean-score differences be- 
tween these storage temperatures, although the qual- 
ity scores decreased in general as temperature in- 
creased. If the results for the two sulfur dioxide 
levels are combined, however, significant differences 
are found between quality scores for the 3 lowest tem- 


TABLE 5 
Analysis of variance’ 
(Series II) 
Source of variation 8.8. df Var 

43.19 2 21.60*2 
374.36 7 53.48** 


56.92 2 28.46** 


Interactions 


Tasters < Time..... nes 170.62 14 12.19* 
Temp X Time..... 7.12 4 1.78 
SOe X Tasters.... 86.58 7 12.37 
SOe X Time.... 2.24 2 1.12 
Combined error term............... 445.28 96 4.64 


1 The 120° F storage temperature not included in this analysis. 
2* Significant at 59% level. ** Significant at 1% level. 


In series I mean scores for the 2 lowest 
temperatures are significantly better than that for 
70° F, and in series II the mean score for 32° F is 
significantly better than those for the higher tempera- 
ture. In both series, if the 120° F storage data are 
not ineluded, except for the 9-month storage period 
in Series I, the over-all mean scores for 1-month stor- 
age are significantly better than those for the 9-month 
and 22-month storage periods. If the 120° F storage 
data are included, no significant differences are found 
between the 9-month and 22-month storage periods, 
and the 1-month storage is significantly better. 

In series III, on the basis of the data available and 
partially because of the interaction of tasters with 
closures, differences are significant only for time and 
sulfur dioxide levels (Table 8). Some trends were 
weakly indicated between the two closure types, but 
the analysis showed no significant differences. Again, 


peratures. 
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SALAD AND DESSERT 
GELS made with KELCO- 
GEL HV have superb body and 
excellent texture. They will not 
melt, soften or show leakage 
at room temperatures. Mold 
release is fast and clean, with- 
out heat. 


DIETETIC PUDDINGS 
made with KELCO-GEL LV 
have firm velvety body for 
added taste and eye appeal. 
Palatability of low sugar for- 
mulations is greatly improved 
by the gelling action of 
KELCO-GEL LV. 


PACKAGED DRY MIX 
DESSERTS made with 
KELCO-GEL HV and KELCO- 
GEL LV absorb cold water 
rapidly to produce uniform, 
tender-textured puddings, gels 
and fillings that are extra light 
and effectively stabilized. 


No More Effective Way To Produce 


Tailor made to produce clear sparkling gels, the 
| KELCO-GELS are sodium salts of alginic acid 
Fe _ that are highly soluble in water. 


KELCO-GEL HV is recommended for use where 
considerable added viscosity is required with a 
minimum amount of stabilizing action. 


KELCO-GEL LV is recommended for use where 


Clear, Sparkling Food Gels 


a high degree of stability is desired along with a 
minimum change in viscosity and body properties. 


Yours On Request: Free samples of KELCO- 
GEL HV and KELCO-GEL LV and new Techni- 
cal Bulletins describing these unique Kelco algin 
products. At your service, too, are highly quali- 
fied food technicians ready to give individual 
attention. 


KELCO-GEL HV® KELCO-GEL LY° products or Keleo Company 


75 Terminal Avenue, Clark, New Jersey * 20 N. Wacker Drive, Chicago 6, Illinois * 530 W. Sixth Street, Los Angeles 14, Calif. 
Cable Address: KELCOALGIN — CLARKNEWJERSEY 
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QUALITY OF BOTTLED DRY WHITE TABLE WINES 


TABLE 6 


Significant differences’ in mean scores (Duncan multiple range test) 
(Series 1) 


Low SOs level 


Storage time 


(months) 
32 53 70 120 
12 15.9 16.6 14.0 9.9 
9 15.9 1 14.6 
22 15.5 14.5 14 


Mean scores with temperature 
(Three lowest temperatures, 


53° 70 


14.2 12.2 


1 Mean scores underscored by same line are not significantly 
zontal lines). Arrows indicate significant differences between groups of 


lifferent. 


High SOs level 


Storage temperatures, ° F 


Sig Diff 12.5 13.9 12.6 
Sig Diff 2.6 14.4 10.5 
Sig Diff 43.1 11 if} 


Mean scores with time 
Storage time (months) 


1 22 
13.3 aA 11.8 
includes 120 
14.2 13.9 12.7 excludes 120 
Vertical lines pertain to scores left of the line same 


means 


2 Values underscored by the dotted lines are not significantly different 


TABLE 7 


Significant differences’ in mean scores (Duncan multiple range test) 
(Series I1) 


Low SOs level 


Storage time 


(months) 
> 5 70 
1 If 15.1 14.1 
9 15.6 13.1 
22 14.1 14.8 14.0 
Storage 
temperature 
F 1 22 
32 16.3 15.6 14.1 
5 15.1 13.9 14.8 
70 14.1 13.1 14.0 
120 10.4 4.9 


Mean scores with temperature 
(Three lowest temperatures, ° F) 


‘Mean scores underscored by the same line are not significantly 


at the low level of sulfur dioxide and for both cork 
and eap closures, the general trend was in favor of 
the two lowest storage temperatures. No such trends 
were evident at the high sulfur dioxide level, however. 
Because of this and because of the limited number of 
tastings and taster interactions, no significant tem- 
perature effect can be demonstrated statistically in 
this series. 

The analyses of the rankings for quality are not 
included, but show essentially these same results for 
the 3 series. 

SUMMARY 

In wine stored with cork closures, at two sulfur 
dioxide levels and at temperatures of 32°, 53°, and 
70° F the relative free and total sulfur dioxide 
changed only slightly in a 22-month period. In gen- 
eral, cork-closed wines at the lowest storage tempera- 


Storage temperatures F 
120 2 7 
10.4 Sig Diff 12.6 
1.9 Sig Diff 12.0 10.8 10 
5.8 Sig Diff 12.2 10.2 
Storage time (months) 
1 
Sig Diff 12.6 12.0 
Sig Diff 1.6 10.3 
Sig Diff 12.6 10.1 
Mean scores with time 
Storage time (months) 
99 
12.9 10.8 11.6 
includes 12( 
13.7 12.6 12.5 excludes 120 


different Arrows indicate significant differences 
TABLE 8 
Analysis of variance’ 
(Series III) 
Source of variation s.s df 
Total 1,797.56 143 
Levels of SOe 910.25 1 
Closures 6.5¢ 1 
Time 168.44 
Temperature 7.10 2 
Interactions 
Closures SOe 1 
Closures X Temp 
Closures X Time. 32.06 2 
SOe * Time 0.29 2 
SO2 X Temp. 41.38 2 
Temp X Time 4.77 4 
EFrror.. 1,245.81 124 
‘The 120° F storage temperature not included in 


1% level 


* Significant at 


ture received the best scores: 


meaning as 


specifically, the 


F storage) 
F storage) 


hori 


storage) 
storage) 


vetween groups of means. 


110.25**2 
6.56 
R4.20** 


18.55 


10.58 
10.32 
16.03 
0.15 
20.69 
8.69 


10.05 


s analysis. 


32° F 


storage temperature resulted in a significantly better 
mean score than did the higher temperatures. 


ore a 
355 
32 53 70 120 
11.0 
6.4 q 
$2 
13.8 
— = 
a 
q 
q 
4 
q 
High SOs level 
120 
10.5 
5.8 
| 7 
12.2 5 
10.2 d 
9.9 
| 
32 53 70 
4 
13.8 12.7 12.3 
{ 
i 
Var. 
q 
5 
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Wine quality also varied with sulfur dioxide level. 
Wines stored at the lower sulfur dioxide level (100 mg 
per liter) were of significantly better quality than 
wines stored at the higher level (250 mg per liter). 


In general, wine quality deteriorated with time of 


storage. 
Sulfur dioxide content at the higher levels declined 
more rapidly with metal closures than with cork 


closures. Higher temperature speeded the decline. 
Again, time of storage and sulfur dioxide levels 
caused significant differences in quality. In this ex- 
periment no significant effects on wine quality were 
found from closures or from the three lowest storage 
temperatures. 

Storage at 120° F was very detrimental to wine 


quality in all cases 


CONCLUSIONS 

Kor dry white table wines, this experiment indi- 
cates that : 

1. Lower storage temperatures generally result in 
higher-quality wine. 

2. Wine quality under these conditions usually de- 
teriorates in bottles stored for periods exceeding 9 
months, and in some cases for lesser periods. 

3. The levels of sulfur dioxide used should be the 


lowest practical. 
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Chemical and Physical Changes in Green Beans 


During Preparation and Processing’ 


siete s occur during the han- 


dling, blanching and retorting operations that affect 
the texture of canned green beans. These unit opera- 
tions are so highly mechanized and controlled in 
modern processing plants that many factors that con- 
tribute to a change in texture may be unrecognized. 
Texture variability of canned beans, a subject of 
much discussion throughout the bean industry of the 
United States, has largely been defined in terms of 
sloughing of the epidermis of the bean pods (15) 
Resistance to epidermal breakdown increases with 
the maturity of the pods (15) However, the slough- 
ing of immature pods is less objectionable due to the 


Post-harvest storage of 


thin laver of sloughed skin 
fresh beans, long blanch periods at low temperatures 
and holding blanched beans in brine at elevated tem- 
peratures were recommended as means of reducing 
the tendency of the epidermal layer to slough 
Previous investigations have covered many phases 
of bean quality, vet there has been no attempt to re 
late chemieal constituents of bean pods to texture of 
‘anned beans. Changes in chemical composition of 
fresh bean pods during maturation have been re 


ported Differenees in soluble solids. total 


solids and easily-hydrolyzable reserve polysaecharides 
between fresh and canned beans were found to be 


Aleohol-insolu 


ble-solids in eanned beans were significantly lower 


significant at all stages of maturity 
than in fresh beans at the immature stage. Cellulose 
content remained the same in canned beans; other 
wise, all other constituents leached into the liquor (8). 
Total nitrogen and nitrogenous fractions of beans did 
not materially change during blanching (17) 
Blanching beans for 1.5 min at 212° F resuited in 
the same quality as 4.5 min at 185° F when the canned 
beans were evaluated for color, flavor and texture 
1; It has been demonstrated that there is a critical 
temperature range at which these quality factors are 
benefited by heating. This range for string beans is 
180° to 195° F (10 
mereial blanch for green beans for canning is 1.5 min 
at 180° F 
by increasing the time of blanch at 5 min (15) 


The most widely accepted com 
Resistance to sloughing can be increased 


The role of pectinous materials in the firmness and 
consisteney of many food products has been empha 
sized by numerous investigators. Pectin substances 
are of considerable importance in tomato paste con 
sisteney (1/4) and in clarification of citrus products 
18 The enzyme, pectinmethylesterase, was 
found to be involved in gelation and elarification of 


orange juice (5). Softening in cueumbers during fer 
mentation was attributed to the action of polygalae 


"Technical Paper No. 1296, Oregon Agricultural Experi 
ment Station. Contribution of the Department of Food and 


Dairy Technology, Oregon State ¢ ollege, Corvallis, Oregon. 


William A. Sistrunk and 
R. F. Cain 


turonase on pectic substances {, 7). The water- 


soluble pectin in eu ased during spoilage 


soft nin 4 by the Col ersion of insoluble pectic ma- 


terial protopectin to smaller molecules (7 Firmer 
varieties of cucumbers remained firmer during the 
fermentation process than softer varieties. The gen- 


eral softening in cucumber stock was accompanied by 


conversion of acid-soluble to ersene-soluble pectic 
substanees (12 


Understanding some of the chemical changes that 


occur during preparation and processing of green 
beans should suggest improvements in processing tech- 
niques that would reduce the seriousness of sloughing. 
This paper relates the chemical constituents deter- 


irmness or softness of 


mined to the sloughi 


‘anned beans 


EXPERIMENTAL 


Raw material. A p t of sieve s t beans of Ferry 
Morse No. 1 strain iA f Blue | pole beans was used 
the blanching expe nts in 1957 Asgro Regular (old 
Blue Lake variet ‘ 1 as to differences 
chemieal composition in s sizes 1, nd 5 during the 
Preparation and processing. Sieve s grading, snipping and 
tting the beans int ngt ccomplished with 
l-size ¢ cut ere thoroughly 
luring rando g of il ots. from the 
er sampl slr g . rge stainless 
sten! ettle hic ) f ter to beans of 


t 1h B s were blanched 


us being kept in mo 


rit mn. y y between each 
nt } 
The blanching ten t 3 é l , 140°, 150°, 160 
170°, 180°, 19 " F for eac e times 1.5, 5 and 
the eoml t plhent t times rhe treat 
sons ‘ blaneh’’, 159° F, 
S4° F and 4 ft t f blanc being 1.5 min with the 
After 1 nehing t ooling, the eans were packed 
n 303 x 406 ¢ t ecoustant f n weight of 9 oz. 
| ng water R prior to closing in an automatie 
m-flow machine N salt s ed to the eans. Beans 
processed fo t 24 Ff ( in running water, 


ored it roonr 


Analysis and evaluation of fresh and canned beans. Determi 


nations made. wer aleohol-insoluble-solids, pectin 
ms (water-so | tay sphate-soluble, and 
s ! s g and total sugars. In 
tion, resistance f r al t of sloughing were de 
1 lon the 
Resistance t shen measure the shear-press (11). 
A sample of 150 g of ed, cant beans was earefully 
ced in the eup of tl ! Machine speed was set 
» With a gauge press f itely 300 lb, Slough 
yg as determine ! evice for which the de 
‘nile have heen 
All of the analvti t nat s were made on ground 
snmples which were p | nding 100 g of beans with 
n equal weight of wat t tall iniform slurry. Liquid 
drained from th nme eans prior to sampling, and the 
na zed sey ! 
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TABLE 1 


Effect of temperature and time of blanch on alcohol-insoluble-solids of canned beans (dry 


weight basis) 


Means of individual treatments 


Temperatures of blanch 


Time of blanch (minutes 


56.48 


if 61.86 


Temperatures of blar 


Effect of HSD: LSD Interaction 


temper 


100¢ 


Time of blanch 
170 mean 

per cent 
60.45 
59.99 


60.69 


60 47 


TABLE 2 


Effect of temperature and time of blanch on reducing sugar content of 


canned beans (dry weight basis) 


Means of individual treatments 


Temperatures of blanch 


160 


100 


25.05 


»peratures of blar 


Effect of HSD: LSD Interaction Hsb 


temperatur 


Dry matter was determined on duplicate 20 g samples by 


weighing into tared aluminum eups and drying for 24 hours at 


70° C and 25 inches of vacuum. 

run by the alkaline ferricyanide method 
the 
sugar analyses by direet acid hydrolysis and 
the reducing fraction. 

(AIS 


slurry 


Sugar analyses were 


(16). Stareh was estimated from washed, wet residue re 


the 
enleulating starch from 

Alcohol-insoluble-solids 
samples of the 
ethyl aleohol 
lo 
min of centrifugation 


maining after 


was found by extracting 10 g 
original in tared centrifuge tubes with 
Three 


at 


‘ 


made by 
water bath followed by 10 
The remaining residue 


this method 


extractions were 


successive 


heating for min SO° C in a 
it 500 x gravity. 

Accuracy of 
AOAC method. 


by 


dried and was com 
parable to the standard 

Peetin fractions the 
zole method of Dietz and with 
The tubes were kept in a cold water bath after the addition of 
the 
10 min in a 
the eold 


was weighed 


were estimated colorimetric earba 


Rouse (6) minor modifications. 
was developed in the samples by 
bath at 


bath 


sulfurie aeid until eolor 


heating for water 80° C, Tubes were again 


returned to water for cooling before readings 


were taken. 

methods of analysis of varianee were used on 
(LSD’s) 
treatment 

to the 5% 
(HSD 


Conventional 
data Least 
the 
differences 


differences were ¢aleu 


the 


lated 


signifcant 
size 
level of signifi 
refer to the 1% 
the analysis of variance 
different (NSD 


on temperature, time, and means, 


Significant SD refer 


ind highly ificant differences 
of 


main 


sign 
significance 
effects that 


indicated at the 


level 
The 


ire 


is computed by 


were not significantly 


bottom of the tables. 


RESULTS AND DISCUSSION 
Blanched beans were analyzed immediately after 
blanching and eanned beans after two months of stor- 
both blanched fresh 
canned beans will be discussed as to the changes in 


age. Results from beans and 
each chemical component. The discussion will inelude 
the possible relationship of each component to texture 
Sufficient data from canned 
beans only will be used to show important changes. 
Effect of temperature and time of blanch on AIS 
and carbohydrates. The principal effect of different 
temperatures and times of blanch on aleohol-insoluble- 
AIS) of blanched and 


was lower values in the 150 


changes of canned beans. 


eanned beans (sieve 


to 180° F range 


solids 


size 4) 


Effect 


Time of blanch 
mean 


g (per 


of times 


of blanching temperatures. Starch probably was the 
main component involved in these differences. 
Maximum firmness of canned beans occurred in this 


sig 


range of temperatures although the AIS was not 
nificantly correlated with texture. Significantly lower 
values for AIS oceurred in beans blanched at 170 
and ‘180° F tem 
perature at 130 


as compared to the AIS means for 
and 140° F (Table 1). The mean at 
170° F was significantly lower than the means for 
blanch temperatures of 190° and 200° F. 

Blanched fresh beans showed an increase in leach 
ing of reducing sugars as temperature and time of 


blanch were increased. However, this effeet was more 


pronounced in canned beans, as shown in Table 2, re 


sulting in a greater difference in the content of re 
ducing sugars between the low and the high blanch 
Beans that were blanched at 130 
and 140° F contained significantly redueing 
sugars than at the other The 
lowest reducing sugar content in canned beans was 
obtained at 160° F, the temperature that exhibited 
the lowest percentage of sloughed skins in 
beans. Since a simple molecule like sugar moves freely 


ing temperatures. 
more 


those temperatures. 


canned 


across the cell membrane, it probably is not related 
directly to structural differences. 

Effects of blanching temperatures and times on 
total sugars were similar to those shown for reducing 
There an total 
blanched fresh beans as the time in 
all temperatures. In the 
effect of temperatures was highly significant but time 
did not significantly influence total sugars due to the 


sugars. was increased leaching of 


sugars In was 


creased at canned beans, 


interaction. 

Starch content of blanched fresh beans was signifi 
cantly affected by temperature and time of blanch 
Enzyme 
degradation of starch probably takes place between 
the temperatures of 130°-160° F as this was the range 
at which significantly lower starch contents were ob- 


Similar values were obtained after canning. 


3o8 
) 
130 
140 
15 160 
5 60.89 64.17 
7.16 
5.00 56.62 9.12 
Effect of times-—-NSD 
Time of blar 
150 
1.5 170 
26.95 27.48 
27.34 
: 
| 
i 
7 
; 
1 
| 
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GREEN BEANS DURING PREPARATION AND PROCESSING 3h 


TABLE 3 


Effect of temperature and time of blanch on starch content of canned beans (dry weight basis) 
Means cf individual treatments 


Temperatures of anch . 
Time of blanch (minutes) lime of blanch 
0 140 will mean 
100 
18.11 17.4 16.66 19.42 f 88 19.91 
17.1¢ 1s 18.7 17.92 4 20.57 
17.68 19.78 17.11 1.99 34 
Temperatures of blanch mea: 17.28 17.79 18.38 18.15 ) 87 j 
Effect of temperatures HSb: LSD ol > 32 nteractior HSD Effect of mes NSD 
TABLE 4 


The effect of temperature and time of blanch on water-soluble pectin of canned beans (dry weight basis) 
Means of individual treatments 


Tempera : lime of blanch 
01 2.439 4.114 14 731 
44 17 1.128 5 
17 R94 29 
Tempera blanch mea 11 74 2.4 4.04 1.34 
Ef f mpera HSD sp NSD 
served (Table 3 Starch content was lowest in canned TABLE 5 
beans that were treated at 130° F for 10 minutes. Effect of variety, size of beans and treatment on water-soluble 
Higi starch content in many vegetables is directly pectin of canned beans (dry weight basis) 
related to firmer texture of the processed product, but a. Variety—FM-1—Means of individual treatments 
there do not appear to be any trends in these data 2 
to indicate such a relationship in pole snap beans. 


Starch content was highest in canned beans when 


blanched at temperatures of 180—200° F. 276° 2.397 
Pectin fractions as affected by temperature and time - ata Bana Saee 

of blanch, variety, and size of beans. Blanched fresh 

beans showed an increase in water-soluble pectin as eatme i 2.94 

the time and temperature of blanch were increased, ffect of treatments—NSD ‘ HSD. Effect of sizes 

The lowest water-soluble pectin content was observed 

at the 130° F blanching temperature for a time of 1%, b. Variety—Asgrow Regular—Means of individual treatments 

min and the highest was recorded at 200° F for EARS 

10 min Size Means for 
The parent pectin (protopectin), which appeared nip ange 

largely in the alkali-soluble fraction in blanched fresh +t 2.52¢ ‘4 2.548 

beans, was hydrolyzed during the retorting process to ; 1 ai 

more soluble pectins. Water-soluble pectin increased : 

to a high level after canning (Table 4). The tempera eatme re ‘ \4 

ture of blanch prior to canning significantly influenced Effect reatt SD: LSD 19 teraction—HSD 

this component. The increase in time of blanch ee 

beyond 1.5 minutes at temperatures above 180° F 

markedly decreased the water-soluble pectin Water-soluble pectin in the liquid from- canned 
In most instances, the water-soluble pectins in beans provided a better index of sloughing than data 

canned beans of Asgrow Regular variety were higher from drained canned beans (r +-Q.878 

than those of FM-1 variety (Tables 5a and 5b). The main effect of different temperatures of blanch 

When blanched at temperatures of 159° and 184° F, on pectate-pectinates in blanched fresh beans was an 

water-soluble pectin contents in canned beans of FM-1 increase in this fraction at 190° and 200° F. This 

variety were lowest ; whereas, the 204° F blanch treat- represents a shift in alkali-soluble pectin to more 

ment resulted in the highest value. Only Asgrow soluble forms since the alkali-soluble fraction de- 

Regular variety showed significant differences as a creased at these temperatures. Pectate-pectinates de- 

result of blanching treatments creased in the 130° to 160° F range of blanching 
Effects of sizes of beans on water-soluble pectin con- temperatures as the time of blanch was increased. 

tent in canned beans were significant in both varieties, Maximum values for pectate-pectinates in canned 

the size 5 beans giving the higher values (Tables 5a beans resulted from blanching at 160° F (Table 6). 

and 5b). Both temperature and time of blanch significantly 
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TABLE 6 


Effect of temperature and time of blanch on pectate-pectinates of canned beans (dry weight basis) 
Means of individual treatments 


Temperatures of blanch 


Temperat 


Kite temperatures. -HSD:; LSD 


affected pectate-pectinates, the effeet of temperature 
being significant in both varieties. Furthermore, both 
varieties of beans, Asgrow Regular and FM-1, showed 
maximum firmness in canned beans when blanched at 
160° 
not significant in either of the varieties studied. 


Effect of pod sizes on pectate-pectinates was 


There was a highly significant negative correlation 
between per cent pectate-pectinates in canned beans 
Also, re- 
sistance to shear showed a significant positive cor- 
+0.908 ). 
(18) obtained higher calcium con- 


and per cent sloughed skins (r —O0.888 


relation with pectate-pectinates Robinson, 
Stotz and Kertesz 
tents in canned beans that received a longer blanch at 
lower temperatures as compared to a short blanch at 
high temperatures. Softening of canned beans when 
blanched at (180°-200° F) may 
be synonymous with the condition they deseribed as 


high temperatures 


‘*thermal maceration’’ in vegetables. 

Alkali-soluble pectin increased in fresh beans with 
an increase in diameter of the pods although it in- 
Regular than in the FM-1 


variety. During blanching at low temperatures, there 


creased less in Asgrow 
Was an increase in alkali-soluble pectin. 

Since alkali-soluble pectin (protopectin) is hydro- 
lvzed during canning to more soluble pectins, tem- 
perature and time of blanch markedly affected this 
fraction in canned beans. It increased with time of 
blanch in the 150° -170° F 
peratures 


range of blanching tem- 
Very little parent protopectin remains in 
canned beans as compared to fresh beans. 

The effect of size of beans on alkali-soluble pectin in 
canned beans of FM-1 variety was not significant due 
to the highly significant interaction (Table 7a). In 
Asgrow Regular variety, alkali-soluble pectin of 
canned beans decreased with an increase in size in all 
treatments except at 204° F (Table 7b 

Correlations of alkali-soluble pectin with sloughed 


skins and resistance to shear were similar to those of 


the pectate-pectinates fraction, (r’s = —0.832 and + 
0.886. 


respectively The highest * percentages of 


Interaction NSD 


times HSD: LSD 


TABLE 7 
Effect of variety, size of beans and treatment on the alkali-soluble 


pectin of canned beans (dry weight basis) 


a. Variety—-FM-1—Means of individual treatments 


rreatments 


eatment 


Nsb 


b. Variety—-Asgrow Regular—Means of individual treatments 


Treatments 


Mear 


0.489 0.602 


treatments—-HSD: LSD 


sp: LSD 5) 0.059 


alkali-soluble pectin were found at the same range of 
blanching temperatures at which percentages of pe 
tate pectinates were highest. 

Percentage of sloughed skins of canned beans was 
not significantly affected by time of blanch due to the 
highly significant interaction. Although effect of time 
was not significant, there was a definite influence of 
Table & Despite 


interaction, 


time at most of the temperatures 
the highly 
blanch significantly affected the per cent of sloughed 


significant temperature ot 


skins in canned beans. Percentage of sloughed skins 
was significantly lower in canned beans that wer 
blanched at temperatures between 150°-170° Fin 
clusive, as compar “l to those blanched at 180 190 


and 200° F. It ean be seen in Table 8 that an increase 


TABLE 8 


Effect of temperature and time of blanch on per cent sloughed skins of canned beans 
Means of individual treatments 


Temperatures of blanch 


Dry residue, 5 


1249 
10 q 
remperatures of blanch mean 2795 2 1046 


pe Effect of temperatures HSD: LSD 


Interaction—HSD 


160 170 180 


100 ¢ drained beans 
1606 
1560 


Effect of times NSD 


H 
: a3 
E; 
lime of blanch (minute rime of bia 
130 140 150 160 170 190 O00) meat 
100 ( per cent 
1.162 $251 2.245 1.751 > 954 
) 245 1.608 731 $.201 | 1.156 2.408 1.932 264 
mated 0 7 2RT 137 
1 266 $.167 3.472 2.601 2.137 $516 
res of blanch 1.327 1.545 710 3.987 3.212 2.418 1.940 
a, 
es 
No blaneh 159 204 
+7 
0.417 O.557 O.444 0.4 
Means 
reatments 0.442 0.55 0.37 
Effect of Sl: LSD O5 11 Intera Hist 
Effect of sizes 
No blanch 159 204 — 
y/100 per cent 
0.554 0.661 1555 0.405 
Means for 
treatments... 0.504 0.39 
; 
4 
Time of neh 
140 150 190 200 ean 
0335 5479 237 
re 
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GREEN BEANS DURING PREP 
in per cent of sloughed skins resulted when the tem- 
peratures of blanch were increased or decreased from 

this point in the range of blanching temperatures. 
The of 
canned beans corespond to the lowest 
(Tables 6 and 8 

The FM-1 strain of beans sloughed more than the 
1 and 3 in the 
184° F, but at 


greater 


highest percentages pectate-pectinates of 
percentages of 


sloughed skins 


Asgrow Regular variety in sieve sizes 
li 159° F, 

exhibited 
The latter was true of all treat- 


treatments ‘‘no blanch’’, and 
204° F 


centage of sloughing 


Asgrow Regular a per- 
ments in sieve size 5 beans, indicating that large sieve 


sizes of Asgrow Regular are more sensitive to high 


temperatures of blanch than the FM-1 strain (data 
not shown 

Resistance to shear was definitely affected by tem- 
time of blanch (Table 9 
time of blanch at 10 min was significantly higher than 
1.5 5 min of blanch. Signifi- 
canned beans 

and 200 
Size of beans also affected the 
The FM-1 strain showed a 
Regular in 
the sieve size data not shown 

In for the 
to follow in order to prevent sloughing of the epider 
ol 


perature and The mean for 


the means of either or 


softer were obtained when 


190 


cantly 
blanched at 
temperatures of blanch 


KF as con pared to the other 


firmness of canned beans 


greater resistance to shear than Asgrow 


> beans after canning 
recommendatior 


preparing a processors 


mis pole snap beans the resistance to shear of 
canned beans should be noted (Table 9 
$ beans of FM-1 strain the 180° F 
is the most commonly accepted commercial blanch 


In the sieve 
size blanch, which 
for 
Cant ed 


canned beans, produced significantly softer 


beans than the 170° F blanch. Furthermore, per- 
centages of sloughed skins (Table 8) were signifi- 
cantly higher at the 180° F blanch. These data pro- 


if breakdown in texture as well 


as the epidermal cells of 


vide a good estimate ¢ 
the bean pod since percentage 
of sloughed skins was highly significantly negatively 
correlated with resistance to shear. The high shear 
press readings and low percentages of sloughed skins 


did the of 


beans because the canned beans were squeaky and too 


not indicate most ideal texture canned 


firm. Hay-like flavors occurred in beans that 
blanched at 170° F. Therefore, 
the optimum range of temperature for blanching pole 


were 
temperatures below 
snap beans in order to obtain the highest quality was 
170 180° F. 


pectic substa Ces 


found to be between and 
the to be 


closely related to the increase in sloughing of the epi- 


Changes in appear 


dermis and decrease in resistance to shear of canned 


beans as a significant increase in the water-soluble under-blanched as well as softness and sloughing in 
TABLE 9 
Effect of temperature and time of blanch on resistance to shear of canned beans (kg pressure) 
Means of individual treatments 
Tin toate rime of blanch 
130 140 1 17 

1.1 3.4 4 70 
19 11.9 8.7 16.4 16 

Effect of temperatures HSD: LSD (¢.01) 4.5 Interaction HSD EF ffe m HSD: LSD 
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the 


recommendations for optimum 


and significant decrease in 


and 180 


pectin a pectate- 


pectinates occurred between 170 Conse- 


quently, any specific 
blanching of pole snap beans prior to canning would 
the of 


In addition, optimum blanching would be conditioned 


results these determinations. 


be voverned by 


by variety and size as indicated by the data presented. 


SUMMARY AND CONCLUSIONS 
A study was made of the effects of size and variety 
of beans and the temperature and time of blanch on 


the chemical constituents in blanched and canned 
beans. These constituents were related to texture in 
the canned beans. Texture was measured by per cent 


of sloughed skins and resistance to shear 


AIS 


sloughing af canned beans 


with either firmness or 
Tota 
of canned beans reached a minimum when beans were 
blanched at 150° to 170° F, the 


which the texture was firmest a 


was not correlated 


and reducing sugars 


emperature range at 


id the percentage of 


sloughed skins was lowest, vet this relationship was 


not established at other blanching temperatures. Low 


starch content was found in this range of blanching 


temperatures, and high starch values in the range of 


180 to 200 K 
Most of the texture changes in canned beans ap- 
peared to be related to changes in pectie substances 


during blanching ; Resistance to shear 


canning 


increased with an increase in per cent of pectate- 
pectinates, a highly ificant positive correlation 
that existed in both phases of the experiment. Con- 
versely, percentage of sloughed skins in canned beans 
was highly significantly negatively correlated with 
percentage of pectate-pectinates and alkali-soluble 


pect ns 

In most instances, the resistance to shear of canned 
beans of individual treatments was greater in the 
KM-1 strain than Asgrow Regular variety. Further- 
more, the skins of the sieve size 5 canned beans of 
Asgrow Regular sloughed more than FM-1, but the 
reverse was true in sie size 1 beans. 

It was concluded that blanching at temperatures 
between 170° and 180° F for a time of 1.5 to 5 min 
was optimum for pole snap beans. Since the per- 


to shear of 


of blanch, 


centages of sloughed skins and resistance 


d by 


beans, and 


canned beans were affecte temperature 


time of blanch, size of variety the optimum 


blanch was conditioned by these factors. Closer eon- 


trol over the raw material was in order to 


ipparent 


prevent squeakiness and off in beans that were 
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ns that were over-blanched. Adjustments in the 
perature of blanch or the time of blanch within 


this temperature range should be sufficient for con- 
ling the sloughing and softening in pole snap 
ns for canning. 


trol 
bea 


1 
i. 


. GouLp, A. 


. JANES, Byron E, 
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Low Temperature Handling of Sterilized Foods 


|. Design of Equipment and Outline of Processes Used 


Manuscript received May 2!, 1959 


TEMPERATURE short-time 
(HTST be defined 


whereby foods are sterilized by heat applied for time 


sterilization may as a process 
periods ranging from a few seconds to a few minutes. 
In low-acid foods, process temperatures exceed 260° F. 
In our laboratory, 
300° F. 

The advantage of using an HTST processing tech- 
nique lies in the facet that higher temperatures have 


all processing to date has been at 


less influence on quality impairment in proportion to 
their letha 
peratures have. 


effect on bacterial spores than lower tem- 


In order to process foods at high temperatures for 
such relatively short times, processing equipment that 
and that 
gives very fast heat penetration and allows accurate 


is workable in the high-temperature range, 


control of the process time and temperature, are re- 
6, and 7) and 
patents dealing with this problem have been published. 


quired. Numerous papers (1, 2, 4, 5, 

In our project it was necessary to have equipment 
which would enable us to pack food of any type of 
phy sical form 


This paper describes such equipment 


and indicates its use 
EXPERIMENTAL 
The 


processing is 


Processing and equipment. 
high-temperature, 
and 2. It « 


date for 


Figures | 


equipment used to 


short Time shown in 


onsists of a retort of 30 in inside diameter, to which 


is attached a evylindrieal ch ver of 8 in 


im inside diameter, called 
Chamber M, shown immediately to the left of the small cylin 
drical basket (upper right, Figure 1 Forty-four sealed cans 
(211 x O11) of food ‘“» inehes in diameter and 3 in high 
are put into the basket. With the 8-in gate valve at the base 
of Chamber M closed, the retort is brought to the proper tem 
perature for the process under study where it will be kept for 
the duration of the processing operation. The basket of cans is 


*Now with Ducher P 


ng Co., 


Dayton, Ohio. 


Figure 1. HTST equipment used for laboratory scale produc- 
tion. Chamber M and retort. 
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BER M RETORT 


4 
‘ 
4 KZ 
| 
Figure 2. Cross-section elevation of chamber M. 
packing: B } ‘ irdle ling weight and packing 
D e connectior wat tean vacuum; E, Ibid; F, 
sink e: G, ( { - gate valve; I, wall of 
( M t L, cyclindrical cage 
M jock i 1 ng and lowering the basket L. 
Ga ‘ H sl ! Bas} hown in position for 


then sealed into Chamber M, the 8 in gate valve is rapidly 
opened, and the basket is red into the retort. When process 
ing time has almost expi! the basket is elevated back into 
Chamber M. At the end of the processing time, the gate valve 
is closed and cold water is in liate sprayed onto the cans. 

New HTST process and equipment. We are now putting into 
use new equipment | hi the process will be further 
shortened and by which HTST processing procedure in 


which the food is either pat vy or fuily sterilized before 
sealing in the eontainer « carried t. However, a machine 
so versatile in operating technique must, to avoid great me 
chanical complexity, 1 . mpor limitations. It ean 
handle only one type of container (the 211 x 300 ean), and it 
has very limited operating speed—perhaps 1 can per minute. 

It is shown without accessories in Figur }; major operating 
parts are indieated in Figure 4 

Two methods of ster Za m are possibk the food may be 
processed by direet stean treatment ¢ prior to filling, or 
in the open-top ean after filling. When processing prior to 
filling the empty can is placed in compartment 1 (Figure 4) 
through opening 1 while gate valve G s closed Port 1 is 
sealed shut, gate valve G: is opened, and the can is passed along 
the can track into compartment II by means of push rod P,. 
The empty can is then placed at position 2 or 4 directly under 


heat exchange 4 or A’ by movement of the 


can along the can 


track in compartment II by means of push rod Pe. The food to 
be sterilized is passed into heat exchanger A or A’. Each of 
these heat exchangers contains a stainless steel can so held that 
it ean be turned throug 60 degrees. The can is first in an 
upright position in order to receive the food to be sterilized. 


| 
| 
| 
ACCESSORIES FOR CHAM ae 
| | |. 
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Figure 4. Cross-section elevation of semi-automatic HTST 
processing machine. 

Pi, Push-rod; 1, Pressure tight door; Gi, Quick opening gate valve 
I, Can entrance chamber; Pe, Push-rod; Il, Main sterilizing and sealing 
chamber A, Discrete particle heat exchanger; B, Sterilizing cham 
for open can sterilization: A’, Discrete particle heat exchanger 
ing position; 5, Can holding position for open can sterilizatior 

ing position; 5, Sealing position; Can sealer and lid steri 
Figure 3. Semi-automatic HTST processing machine. Holding leg: 6, Holding position Ge, Quick opening gate 


Cooling leg: 7, Position for can cooling; &, Pressure tight door 


After filling, the entranee to the heat exchanger is closed, the 
ean is turned about 45 degrees, a steam tube is then inserted down by air pressure. The platform is moved upward and ean 
into the food, and sterilization is performed by direet steam is positioned against the bottom of a eylinder extending down 


injection whil« 
vibrated about its fulerum. 
treatment, the steam tube is withdrawn, the container is turned the can, The steam is turned on and the small cylinder at B 
135 degrees, the exit to the heat exchanger is opened, is allowed to come to the predetermined working temperature 
is approximately 3 times the 


the stainless steel container is agitated by being ward within larger evylinder B. A steam tube loeated in B is 


At the completion of the steam lowered into the can to a position just short of the bottom of 


another 
food falls by gravity through a stainless steel chute for sterilization. This evlinder 


and the 
height of the ean in order to allow the food to percolate during 


leading, if heat exchanger A is used, to the can at position 2, 
or, if heat exchanger A’ is used, to position 4. Sterilization of sterilization. At the end of the sterilization period, the 
residual heat in the food when is retracted and the steam is turned off. The chamber is vented 


the ean will be effeeted either by 
it passes into the can, or by steam from a tube inserted into the to allow flash cooling and the flashing off of any moisture added 


can at station 3, or by maintaining steam pressure in compart to the product. Platform 3 is lowered and the ean 
IT. to the sealing, holding, and cooling positions as described 


tubs 


massed 


ment 
The filled ean is moved to position 5 where a previously previously. 
the ean from the lid sterilizer; the It can be seen that a good deal of flexibility is allowed | 


sterilized lid is passed onto 
Machine C. The sealed ean is either type of processing. Both eases cited embody ideal 


ean is then sealed by closing eu 
next moved into compartment III, where it rolls through a conditions, and changes in operating techniques would depend 


twist chute. It can be held, if desired, at position 6 in order upon the nature of the product being handled. 
to allow residual heat to complete sterilization. Gate valve Ge is Depending upon the technique of processing being follow: 
opened and the ean rolls into compartment IV which contains the pressure maintained in the machine will vary from approx 
After gate valve G» is closed and pressure mately 2 Ib to perhaps 60 or 70 psi. The pressure may be n 


running cold water 
by a combination 


IV is released, the ean, when cooled, is removed tained by steam, by air, by inert gas, or 


in compartment 
these, depending upon (1) the relationship required betwee 


from compartment [IV through opening 8. 

If sterilization is accomplished in a filled can the general pressure and temperature, 2) whether or not the operations 
procedure is as follows, The can is filled with the pre-heated within the machine are conducted aseptieally, (3) the 
of the food when it is filled into the ean, and t 


ten 


product (180-200° F), placed inte compartment I, and passed perature 
into compartment [I to position 3 as deseribed previously for whether or not oxygen must be exeluded from contact with the 


the empty ean. Position 3 is a platform which is moved up or food in the machine. It is possible to maintain stratified cor 


TABLE 1 


Process temperatures and times of products packed 


HTST process * 
Conventional process 


Process time 


Retort temp Process time 


409 

$09 

_Asparagu 
106 

woo 
400 
100 
100 
400 
400 
400 


Evaporated milk 

Oyster ste 

(ireen pea with ham 

Vegetable beef sour 

Cream of shrim! 

Cream of potat« 

Whole kernel! 

Green peas 
for all products was 211 x O11; and retort temperature 300° F 
end at a speed of 12 rpm. Come-up time was 15 min, to reach retort temperature of 242° F, holding time at 


cesse : derson-Barngrover continuous cooker. Come-up time was 20 min, to temperature of 208° F, in the milk, followed by a hold 


time of lf nir t retort temperature of 242° F 


ing 
The pre es ti 1 for the HTST products were calculated from the heat penetration and lethality data gathered on each product The 


onventiona times d temperatures were either taken from National Canners Association Bulletin 26L or were those currently being used 


by the processo 
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ditions within the machine; for example, to maintain aseptic 
conditions with steam over the tops of the cans along their path 
of travel from the filling station, or from the sterilizing station 
to the sealing station, while other regions within the enclosure 


ire neither sterile nor at a lethal temperature. 


RESULTS AND DISCUSSION 


Table 1 lists the products packed thus far, using the 
technique described for operating Chamber M. The 
list shows a large difference in’ process times even 
among the HITST processes because heat penetration 
is a substantial factor even in the relatively shallow 
211 x O11 can 

The heat penetration curve of a slowly heating 
conduction heating) product, such as green pea with 
ham soup in a 211 x 011 can at a retort temperature of 
300° F, has an f (slope index) value of 2.1 min. The 
corresponding f value for the same product in a 
211 x 400 can at a retort temperature of 245° F was 
found to be 36.0 min. The f value for a relatively 
rapid-heating product (convection heating), such as 
green peas in brine, was found to be 0.80 to 1.0 min 
in the 211 x 011 can at a retort temperature of 300° F, 
and approximately 10.0 min in a 307 x 409 ean at a 
retort temperature of 245° F. 

More rapid heat penetration than that of the 
211 x O11 can is expected to be obtained in the direct 
steam injection procedures deseribed for the new 
HTST processing machine detailed at the beginning 
of this paper. By employing this new machine in our 
future work, we hope to demonstrate the practica 
bility of the HTST process to containers of any size, 


SUMMARY 


Two systems for the high-temperature, short-time 


sterilization of low acu products have been discussed. 


The first system is a batch operation for the produe- 
tion of laboratory size quantities of HTST sterilized 
products The second system simulates a continuous 
procedure and is capable of processing material by 
several different methods which are feasible for com- 
mereial application. Both systems are capable of 
handling liquid, semi-liquid, and discrete particle 
products. 
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Notes and Letters 


Performance of Flavor Judges in Long-Term Studies with 
Frozen Cauliflower and Spinach 


iy TASTE-TESTS involving long 
periods, it is of utmost importance that panel sensi- 
tivity remain reasonably constant throughout the 
tests. The purpose of the present study was to test 
panels at the beginning and end of 14-month studies 
with cauliflower and spinach to determine whether 
these panels met the constant sensitivity requirement. 
Duplicate samples from the first tests were held at 
-20° F for use in later trials. Cauliflower and 
spinach studies were independent; none of the judges 
had experience with the test products. 

Following 15 training periods, the judges took the 
first test which was used for selection of panel mem- 
bers as well as for comparison with the final test. A 
test consisted of 10 repetitions by each judge on each 
of two pairs of samples. Each pair consisted of a 
control (held at —20° F) and a deteriorated sample 
(held at +20° F). Rank 1 for control was considered 
a correct decision, Since results for the two pairs were 
similar and number of judgments per pair was con- 
stant, results for the two pairs are combined in Figure 
1. The 16 persons per vegetable who had 15 or more 
correct decisions were selected for panels, Compari- 
son of the light and dark areas of the figure shows that 
judges with experience on other products performed 
no better on the average, than those who were com- 
pletely inexperienced at the beginning of the study. 

On completion of the 14-month investigation, the 
seleeted judges took the second test. Results for the 
two tests are summarized in Table 1. Chi-square tests 
on these data show that the extensive experience be- 


ra Spinoch 


Cauliflower 


= 


Number of Judges 


Wh) 


-18 5-6 9-10 13-14 
Number Correct 
Figure 1. Number of correct decisions per individual out of 


20 judgments in the original performance tests (solid blocks 
represent persons with flavor panel experience on other products). 


TABLE 1 


Comparison of per cent-correct decisions by selected panels at the 
beginning and end of fourteen-month studies’ 
Per cent correct decisions 
Spinach? Cauliflowe 
Control and 


18 days at 


Control and 


days at 


Control and 
18 days at 
20°F 


a9 


seginning 76 8 
End 71 82 9 


> 


Approximately 450 pairs of main study samples were appraise 
the 14 month interval between tests 
* Thirteen judges, 20 judgments per person 


* Fourteen judges, 20 judgments per person 


tween tests did not result in statistically significant 
difference in number of correct decisions for either 
vegetable. 

Performance scores calculated for each 30 consecu 
tive pairs of the 450 pairs per vegetable in the 14 
month studies showed that (a) the original tests 
closely estimated long-term performance of 14 of the 
16 judges per panel, (b) with minor exceptions, each 
judge varied from time to time as much as different 
judges appraising at the same time and (c) each 
judge had very inconsistent results for at least one 
group of 30 pairs of samples. 

Checking panel performance in prolonged investi 
gations seems to the writers well worth the cost in 
time and materials. 

The shape of the distribution curves in Figure | 
suggests an application of the study which was not 
anticipated, but which is of interest. In taste-tests 
requiring only that judges match duplicates among 3 
samples, the curves would represent primarily the 
thresholds of the individuals, and the central areas of 
the curves would represent individuals with medium 
thresholds, that is, it would exclude individuals with 
unusually high and low thresholds. Such curves there 
fore might be useful in selecting panels of similar 
sensitivity in different laboratories. It is hoped that 
this theory may at least stimulate interest in the diffi 
cult problems involved in standardization of the 
measuring tool in taste-tests. 


Mitprep M. Boaes 

DeLepHa W. VENSTROM 

JEAN G. Harris 

SUMIKO SHINODA 

Western Utilization Research 
Development Division 

Agricultural Research Service 

United States Department of 
Agriculture 

Albany 10, California 

March 17, 1960. 
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Moisture Loss from Packages of Frozen Vegetables 


Ix THE COURSE of an extensive 
study on the time-temperature tolerance of frozen 
vegetables at this laboratory (7) the question arose 
as to whether moisture loss was important, since most 
packages were exposed singly in moving air to deter- 


mine rates of deterioration. It was observed that 
some lots became desiccated when held for long 
periods at low temperatures or for shorter periods 
above 15° F. Procedures and observations in this 


note are submitted to supplement the information on 
product stability of frozen peas, green snap beans, 


9 


and spinach described (1, 2, 3) and current tests on 
cauliflower. 

Packaging materials and tests for moisture loss as 
related to frozen foods have been reviewed by Tressler 
and Evers (6). More recently Winter et al (8) have 
determined weight loss in a number of frozen foods 
stored in various packaging. materials other than the 
usual waxed paper carton. 

Materials and Methods. 


Vegetables in waxed-paper cartons 


overwrapped with wax paper(8- to 10-0z) were subjeeted to 
several constant temperature conditions in the range 20° to 
30° F, and to eyelie fluetuating temperatures of —10° to 10° 
and 0° to 20° F* during the study of other factors (7). Single 
packages from each of 2 lots of peas, beans, and spinach, and 
7 lots of cauliflower were placed on their narrow side and about 


1 in apart on shelves exposed at all times to uniform air cireu 


lation in rooms described by Lowe et al (5). On the basis of 
the narrow difference in temperature between refrigeration coil 
and air, the eonstant-temperature rooms would have a relative 
humidity of 75 to 90°, depending on refrigeration load. In 
some instances, samples were left in their original cases (24 
pkg) during the time they were held at elevated temperatures. 
Usually a different set of packages was examined at each time 
period. 

Weights of single or groups of 3 to 20 packages, were re 
eorded on transfer fron 20° F to the higher temperature 
condition under investigation and on return to —20° F. A 5-kg 
computagram seale with a 500-g capacity ehart and 1-g grada- 
tions was used to weigh packages to the nearest 0.5 g, after 
frost or condensed moisture had been removed from the outside. 
More precise weighings of the different wax paper overwraps 
were made at the time of analysis and the pounds per ream 


(3000 sq ft) ealeulated 


In addition, small lots of peas, corn, leaf spinach, chopped 
spinach, greer beans, shredded potatoes, and cooked squash in 
conical waxed paper tubs were tested for moisture loss when 
held| at 20° F for more than a year 


Results. Average rates of moisture loss in per cent 
per ‘day for single packages of spinach and cauliflower 
are graphed in Figure 1 as functions of temperature. 
These rates inerease roughly one and a half times per 
and 20° F. The 
maximum time periods used in these studies were 2 
, and 4 or 8 months at 20° F. 
+ additional lots of cauli- 
and 20 
Essentially no 


5° F rise in temperature between 0 


years at 0°, 1 year at 10 
Rates of 


flower held in single packages at 10 


loss in 


moisture 
closely 
paralleled those shown in Figure 1. 
‘ased control sam- 


loss of moisture occurred in 


ples held at —20° F over a 2-year period. 


any 


* Controlled by a sine wave cam, 24-hr eycle. 


0.100 
Spinach 


Lot 5 (32) 


Lot 6 (43) 
Cauliflower 

Lot 5 (39) 
Lot 6 (40) 


Lot 3 (42) 


Rate of Moisture Loss Per Cent Per 


0004L+ L 
10 20 
° 
Temperature, F. 
Figure 1. Rate of moisture loss versus temperature. Per- 


centages are calculated on net weight exclusive of packaging 
material. Numbers in parenthesis are weight of wax paper 
overwrap in pounds per ream. 


kor comparison, rates of moisture loss from cased 
and single packages are given in Table 1 for a eycled 
constant conditions. Rates for 


and 3 temperature 


cased packages were half or less than half that found 
for single packages exposed under the same tempera- 
Packages of spinach and cauliflower 


to 20° F ey 


ture conditions 


exposed to the 0 ‘le lost moisture a little 


faster than samples held at constant 10° F, as ex- 
pected from previous discussions (2 

In general, the heavier wax paper overwrap re- 
duced the rate of moisture loss, although an oceasional 


reversal was observed Two overwraps for peas 


weighed 32 and 45 lb per ream and two for spinach 


TABLE 1 


Rate of moisture loss of cased versus single packages 


Vegetable erature Cased Single 

I I en Per cent 

lay loss /day 

1( l 042 
rea l 4 013 
Beans l 0 O12 
Cauliflower O07 
Cauliflower 4 007 
Oauliflow 014 
Ca fc O29 
SI act - O72 
Spinach 042 

24-hr cycle 


ral 
| 
| 
0.010 
4 a 
| 
| 
4 
is 
| 
q 
a 
367 


weighed 32 and 43 lb per ream. Bean and cauliflower 
overwraps did not differ by more than 5 lb per ream. 
The spinach and cauliflower with the lighter over- 
wrap Figure 1) had the higher rate of moisture loss. 

Even though the carton weights varied over a range 
of 219 to 243 lb per ream, no systematic relationship 
was apparent between weight of carton board and the 
rate of moisture loss for the vegetables examined. The 
need for an overwrap has been demonstrated by Klein 
(4) who stored peas for 6 months at 0° F and found a 
0.05% weight loss per day in cartons with no over- 
wrap, but only a 0.003% per day weight loss when 
Tyton waxed paper overwrap was used. 

Similiar rates of moisture loss were found for vege- 
tables held in conical waxed paper tubs at 20° F. As 
the tub size increased from 4 oz to 10 Ib, the average 
weight loss increased linearly from 0.042 g to 0.344 ¢ 
per day. When rates were expressed as per cent loss 
per day, values were 0.014, 0.0084, and 0.0076 for 1-, 
5-, and 10-Ib tubs respectively. 

The lightest wrapped product in reetangular car- 


tons (spinach, Lot 5), had lost 5 to 7% net moisture 


after 2 months at 20° F, 


able over 50 to 75% of the surface exposed to package 


and desiceation was notice 


airspace. A comparable loss at O° F required 8 
months 

Although weight loss was less, the heavier-wrapped 
sample of spinach, Lot 6, and 3 lots of cauliflower did 
show a transfer of moisture out of the product with 
the formation of ice crystals on the inside walls of the 


When 


was apparent, considerable conversion of chlorophyll 


package after extended holding. desiccation 
to pheophytin in spinach (3) and browning in cauli 
Hower had already occurred, together with a substan- 
tial loss of ascorbic acid and general deterioration in 
quality of both products. Therefore, in view of these 
changes it seems unlikely that desiccation could play 


a major role in quality deterioration under commer- 
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cial conditions provided packaging materials were not 
more permeable to moisture. 
NUTTING, 
W. C. Dierricu, AND 
R. L. OLson 
Western Regional Research 
Laboratory,” 
Albany 10, California 


“A laboratory of the Western Utilization Researeh and De 


velopment Division, Agricultural Research Serviee, U. 8. D 


partment of Agriculture, 
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Givaudan offers you 
a complete family of high quality 
IMITATION ESSENTIAL OILS 
always uniform...always available! 


/ 

ity the finest natural oils. - 
But quality is only one of the many advantages of these Givaudan () nile re 

imitation essential oils. They are always uniform in strength and oe ge 
aroma...always available in desired quantities...always econom- ; 
ical and stable in price. Produced domestically by Givaudan with 
materials completely under Givaudan’s control, they provide you 
with a completely reliable domestic source of supply. May we 
demonstrate how accurately they can meet your specific require- 


Inc. 


321 West 44th Street 
New York 36, N. Y. 
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The big advantage of having your corn starches which is designed to deliver corn products of 
mixed in the world’s largest blender is not size of _ improved quality and precise uniformity. With 
batch, but the perfect starch uniformity you get its new facility, P & F can offer industrial starch 

. up to 60,000 Ib. with one bag exactly users production quantities to exact cus- 
the same as the next. The blender is part of ,; tomer specifications, no matter how large 
Penick & Ford’s new starch derivative plant nick or small the order. Call 


INCORPORATED 


750 THIRD AVE., NEW YORK 17, N. Y; 1531 MARIETTA BLVD., ATLANTA, GA; CEDAR RAPIDS, IOWA; 18 CALIFORNIA ST., SAN FRANCISCO 11, CALIF. 
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MOHAWK VALLEY 


The future success of the processed food industry 
will depend upon how diligently it continues to de- 
velop new and better products according to James G. 
Moore of the Blaw-Knox Company’s Buflovak Equip- 
Buffalo, 
who spoke before the See- 
tion on March 17, 1960. 

The high quality dry ‘‘in- 
stant’’ product, through 
its public acceptance, holds 


ment Division, 


special promise for rapid 


growth, and concentrated 


food research effort in this 


particular field is being 


made by many processors. 


Because of this growing 


demand for dried foods, 


the unit operations of 


evaporation and drying 


have special significance. 
J. G. Moore Now, more than ever be- 
fore, consideration is_ be- 


ing given to variations in operating techniques, and 
hew applications of conventional equipment as well 
as radically new designs 

The acceptance of the time vs temperature concept 
in all fields of food processing, especially evaporation 
have 
This 


equipment hereto- 


and drying, and its complete understanding 


paved thi way for new equipment application. 
has enabled the successful use of 
fore considered unsatisfactory for the processing of 
so-called heat sensitive materials. 

In the 


accepted types of evaporators, as well as new 


field of evaporation, new applications of 
units 
such as the Rotovak, are solving difficult concentration 
problems. The Rotovak, an agitated film evaporator 
designed especially for the food industry, makes pos 
sible the efficient concentration of highly viscous ma- 
heretofore 


terials, impossible in other conventional 


types of evaporators. It embodies all the features of 
minimum holding volume, single pass extremely short 
time-temperature exposure, as well as sanitary con 
struction and easy cleanability so desirable in any 
food processing operation. 

Today, by variations in operating techniques and 
with moderate design changes drum dryers, spray 
dryers and rotary dryers all find economical use in 
the manufacture of quality type dry food products. 
Agglomeration may be done and controlled to any de- 
gree desired. This allows for a wide range of bulk 
densities and product wettability requirements. 

The use of a pilot plant is especially important in 
the food materials 


industry. Sizable quantities of 


must be made under conditions duplicating commer- 
cial scale so that the properties of the finished product 
may be subjected to acceptance by organoleptic 
standards rather than defined chemical analysis. The 
scale of the equipment used in a pilot operation is 


extremely important. [ft must be small enough to be 


Standard 
Aerograph 
110-C 

is complete 
with Brown 
1 mv 
recorder. 
Price $1785. 


What the 


“VEROGRAPH | 
Can Do for You 


New columns and packings have greatly extended 
the usefulness of the Aerograph. It operates to 
300°C with quantitative sample collection. Here 


are some of the many analyses the research chem- 
ist can perform with this economical instrument: 


FATTY ACID METHYL ESTERS—analyzed quantitatively in min- 
utes. With new DEGS Column at 180°C methy! arachidonate is 
reached within 30 minutes 

TALL OIL METHYL ESTERS—well resolved on 10 foot EGS at 
200°C. Fatty acid and Resin acid methyl esters are quantitatively 
determined. 

FUSEL OILS—are ideally separated on a glycerol column. The 
amazing separation of active and isoamyl alcohol is easily 
accomplished 

INSECTICIDES —rapidly analyzed in microgram quantities on 
silicone column at 250°C. 

PARAFFIN WAX —rapidly and quantitat vely analyzed on silicone 
columns at 295°C. C-35 reached in 65 minutes. 

CITRUS OILS, MINT OILS — and other essential oils are efficiently 
separated on 20 foot Craig polyester column. 

CO, MIXED WITH OTHER GASES—CO., 0., N., CH., CO are 
analyzed in less than 6 minutes 

SUGARS—as methoxy methyl glycosides quantitatively deter- 
mined with Craig polyester. Alpha and beta forms are easily 
separated. 

AMINES AND AMINO ALCOHOLS—aqueous amine solutions di- 
rectly analyzed with minimum tailing with stationary phase on 
Fluoropak. 


Details on these and other analytical procedures appear 
in Aerograph Research Notes. Request your free sub- 
scription and send us your sample for free analysis. 


DEPT. 45 
INSTRUMENT & RESEARCH, INC. 
P.O. Box 313 + Walnut Creek, Calif. + YEllowstone 5-1469 
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NATURAL COLORING .. . 


TWITCHELL’S 
POW DERED 


CARAMEL 
COLOR 


Twitchell’s Caramel! Color imparts a rich color 


to food products ranging from a light 
tan to dark brown. Leading food processors 
use this natural color. It is made entirely from 


dextrose, under controlled conditions. 


TYPICAL USES 
* Powdered Desserts * Dehydrated Soups 
* Dry Cake Mixes * Bouillon Powders 
* Powdered Coffee and other beverages 
Powdered Gravy Seasonings 


Write 
for 
Sample! 


TWITCHELL co. 


CRESTMONT & HADDON AVES. - CAMDEN 4, N.J. 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 
chromatography 


Y, JULY, 1960 


easily controlled, modified, and operated, while re 
quiring moderate quantities of materials, yet it must 
be sufficiently large to have operating problems com 
parable to, and yield results indicative of commercial 
size units. The Blaw-Knox, Buflovak Equipment Di 
vision Laboratory, at Buffalo, has test equipment of 
sufficient size to vield results which can be extra 
polated and guaranteed without reservation, Mr 
Moore stated. 

When an equipment design organization, equipped 
with an extensive development laboratory and a work 
ing knowledge of the requirements of the food indus 
tries, initiates research programs specifically directed 
toward some particular segment of the process field, 
it that 


equipment design go hand in hand, and a certainty 


becomes inevitable product technology and 
that new food products and processes, as well as re 
vised equipment designs, evolve. 

Mr. Moore reported that as a result of internally 
Buftlovak, new food 
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have come into existence. 
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drying ; 


Pass 
made by continuous extraction 
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and Dry Tomato Paste are a few 


process ; 
evaporation and Colorless Granulat 
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of the new products developed. 
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Retention temperature and column effi- 
ciency in programmed temperature 
gas chromatography. 


Hasaoop, H. W. anp Harris, W. E. 
(Univ. of Alberta, Edmonton, Can.), 
Anal. Chem. 82, 450-3 (1960). 


A theoretical consideration of linear 
programmed temp. gas chromatography 
shows that with only minor approxima- 
tions the retention of a solute may be 
readily predicted from isothermal gas 
chromatographic data. This was con- 
firmed experimentally. While the reten- 
tion may be expressed in the usual way 
as a retention vol., there are advantages 
in characterizing each peak by its reten- 
tion temp. For any given column this re- 
tention temp. depends on the ratio of 
heating rate to carrier gas flow rate 
rather than on either one alone, An 
equation for the calen. of column effi- 
ciencies in programmed temp. gas 
chromatography is also presented. 


Spectrophotometric detection of the end 
point in the Karl Fisher titration of 
water. 


Connors, K. R. T. 
(Univ. of Wisconsin, Madison). Chemist- 
Analyst 48, 91-2 (1959). 


With the introduction of a photometric 
titration circulation unit and the in- 
creasing interest in photometric titra- 
tions, a further study of the speetro- 
photometric detection of the end point 
in the Karl Fisher titration was war- 
ranted. It has been established that by 
this approach water conens. of less than 
0.01% can be detd. with a precision at 
about 0.0003%. 


Immunoelectrophoresis. 


WiuiAms, C. A. Soi. American 202, 
130-40 (Mar. 1960). 


The author describes the contributions 
made by himself and other investigators 
to the development of immunoelectro- 
phoresis. This new method combines elec- 
trophoresis and immunochemistry by first 
segregating proteins according to their 
electrophoretic mobility and then identi- 
fying them by the highly specific immune 
reaction. Protein fractions can be identi- 
fied from curved line formed on agar gel 
by the ppt. of the antigen-antibody re- 
action. Ability to det. smaller amts. than 
other electrophoretic techniques and the 
enhanced resolving power of immunoelec- 
trophoresis have opened new avenues of 
research in embryology, bacteriology and 
pathology. 


The structures of synthetic molecular 
sieves. 


Broussarp, L. SHoEMAKER, D. P. 
J. Am. Chem. Soc. 82, 1041-51 (1960). 


The crystal structures of synthetic 
molecular sieves have been detd. in their 
hydrated forms (contg. 25-35 wt. % 
HO). These studies show that all 3 
sieves have a common building block 
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Gaulin Homogenizers 
Plus G.T.A. 


Uniock the Secret to 
Cost Savings in Biending, 
Dispersing or Emulsifying 


Gaulin Homogenizers and Dispersers reduce ingredients down to 
their ultimate particle size . . . disperse them evenly. They make 
uniformly finer emulsions of maximum stability. Also produce fine 
uniform dispersions with exceptionally low rise in temperature. 
They give you control of particle size and viscosity . . . improve 
texture . . . stop color separation. 


*Goulin Technical Assistance provides free technical data, experienced advice and lab- 
oratory analysis. Take advantage of G.T.A. Write for bulletins: Homogenizers H-55, 
Sub-Micron Dispersers SMD-55, Colloid Mills C-57. 


GTA Bulletins Technica! Assistance 


Try Particde Con- 
trol in Your Plant 
«++ Rent a Gaulin 
Leboretory Ho- 
mogenizer for Only 
$75.00 Per Month! 
This versotile machine 
reduces ingredients in 
your product to vulfti- 
mote particle size. 
Minimum somple one 
pint; Copacity 15 
GPH; Pressures up to 
8000 psi. Rental ne 82 Garden Street ‘ Everett 49, Mass. 
epplicable against 
purchase price. Write World's largest manufacturer of stainless steel reciprocating, 
for Bulletin LH-55, rotary, pressure exchange pumps; dispersers, 
homogenizers and colloid mills, 
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Flavorful, quality, eye-appealing foods... 
naturally superior...when made with... ~ CORN 


sugars, starches and syrups from 4 P R ODUC Is 


WRITE OR PHONE Corn Products for expert technical assistance... 


helpful data on these fine products for the Food Industry: 
CERELOSE® dextrose sugar - REX® and GLOBE® corn syrups - BUFFALO® - HUDSON RIVER® and SNOWFLAKE® starches. 


PRODUCTS DIVISION CORN PROOCUCTS SALES COMPANY + 9 East SS Street, New York 22, N. Y. 
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‘sodalite’’ 


ealled a 
Al) ions interconnected with 36 oxygen 


unit, contg. 24 (Si, 


ions. These sodalite units are arranged 
in a simple cubie array, with each soda 
lite unit connected to its neighbor by 4 
bridge oxygen ions. Sodalite units may 
also be in tetrahedral coordination (dia 
mond array) with each sodalite unit eon 
nected to its neighbor by 6 bridge oxygen 


BIOLOGICAL SCIENCES 
Biochemistry 
Purification of pepsin by gel filtration. 


Research 


Sweden 


rz, A 
Pharmacia, Uppsala, 


Ge.Lorrr, B. AND KRAN 
Labs., 


Acta Chem. Scand, 13, 2127 1059 


The cross-linked polysaccharide Sepha 
dex G-50 mfd. by Pharmacia, Uppsala, 
Sweden) was used as bed material in the 
different size. 


sepn. of molecules of 


When the soln. is filtered through the 
column of swollen gel grains, solutes of 


large molecular size are preventec from 


entering the gel phase and move in the 
aq. phase surrounding the grains Low 


molecular wt. solutes, penetrate the gel 


phase and pass the column in the water 
They 


column 


inside as well as outside the grains 


are therefore eluted from the 


later than the larger ones. The method 


is very useful for desalting colloid solns. 
and for fractionation of polymer homo 
results usin 


logues Typical gy pepsin as 


starting material are shown. 


Rotary behavior of protein denaturation. 


ImMAnort, K. (Univ. of Tokyo, Japan 
Biochim. ct Biophys. Acta 336-41 
1460 

Reversible and irreversible denatura 


tion processes were examd., by rotatory 


dispersion Samples of bovine serum al 


bumin that were submitted to reversible 
denaturation by urea attained their origi 
nal conformation after removal of the 
denaturing agent. In the irreversible de 
completely 


naturation a proteins were 


infolded or slightly issoced n the §-form 
in the presence of denaturant But after 
the removal of the denaturant striking 
formation of the §-form was observed. 
denaturation 


nature of the 


The reversibility of the 
seems to depend on. the 


solvent 


Studies on the synthesis of serum albu- 
min by the isolated microsome frac- 
tion from rat liver. 


CAMPBELL, P. N., GREENGARD, O. AND 
Kernot, B. A (Middlesex Hosp., Lon 
don, Engl. Biochen 4, 107-17 
(1960 
from re 


The microsomal fraction 


generating rat liver was ineubated with 


radioactive amino acids, adenosine tri 


phosphate, phospho nolpyruvate and cell 


sup. The microsomes were sepd. from 


FOOD TECHNOLOGY, JULY, 1960 


the sol. proteins and were disintegrated 


with ultrasonics. The rat albumin re 


leased from the microsomes and in the 


soluble fraction of the ineubation mixt. 


was pptd. by the addn. of an antiserum 
and its radioactivity was detd. The re 
sults indicated that there was an ineor 
poration of amino acids into the micro 
somal albumin but not inte the albumin 
in the medium. It is also coneluded that 
the results are consistent with the hy 


isolated rat-liver micro 


pothesis that 
somes are able to synthesize albumin but 


that this albumin is not released in a 
soluble form, 


An enzymatic spectrophotometric method 
for the determination of phenylal- 
anine in blood. 


LA Du, B. N. ann MIcHAEL, P. J 
Natl. Insts. of Health, Bethesda, Md. 
J. Lab. Clin. Med. 55, 491--6 (1960 


\ simple enzymatic spectrophotometric 
method has been deseribed for the quant. 
serum. The 


method is based upon the measurement of 


detn, of phenylalanine in 
the absorption of the enol-borate complex 
of phenylpyruvie acid generated enzymati 
eally from phenylalanine by L-amino acid 


levated 


oxidase of snake venom For ¢ 
serum levels of phenylalanine the method 
is rapid, specific, and preeise. It should be 
useful us a confirmatory test in the 
diagnosis of suspected phenviketonuria 
and in the evaluation of the effectiveness 
of a diet low in” phenylalanine 14 


referenees, 


Paper chromatography of heparin and 
related sulfated mucopolysaccharides. 


SPOLTER, L. AND Marx, W Univ. of 
Southern California, Los Angeles Bio 
chim. et Bi phys. icta 123-9 1960 


\ paper chromatographic system was 
developed for the resolution of mixts. of 
sulfated mucopolysaccharides. The effec 
of varying the ammonium formate buf 
fer/isopropanol ratio in the developing 
soln. on the Re values of heparin and 
chondroitin sulfate is presented. A com 
plete sepn. of heparin from chondroitin 
sulfate was obtained with 3 solvent mixts 
econtg. different proportions of buffer and 


isopropanol, 


Changes in molecular weight of acid 
mucopolysaccharides in connective 
tissue due to hormone treatment, 
dehydration and age. 


HvipperG, E. AND JENSEN, C. E. (Univ 
of Copenhagen, Denmark feta Chem 
Scand. 2047-56 (1959 

Acid mucopolysaccharide Ss have been 
isolated from animal skin and charae 
terized by means of viscosimetry, chroma 
tography and  metachromasia It is 
shown that the molecular wt. of thes 
substanees decreases with age. A de 
polymerization of these substances ap 


parently also takes place during severe 


dehydration janc nder the influence of 
cortisone While estradiol treatment re 


sults in a polymerization. Thus, the size 


hvaluronie acid molecule is an 


factor in the 


important waterbinding 


ti 


mechanism of connective tissue. 


Liver choline oxidase activity in man 
and in several species of animals. 


SIDRANSKY, H. aNp Farper, E. (Natl. 
Insts. of Health, Bethesda, Md. Arch. 
Biochem, Biophys. 87, 129-33 (1960) 

Choline oxidase ctivity was investi 
gated in the vers of rats, mice, chickens, 
logs hamsters, rabbits, guinea pigs, 
nonkeys nd human beings. Marked 
species differences were observed. In ani 
mals t at has highest activity 
while the guinea pig has the lowest ac 
t t Choline oxidase activity in livers 
fro human biopsy and autopsy ma 
teria was lower than in any species 
stud 4 ossible correlation between 
tl eve f hepatic choline oxidase in 
exch species and the ease of induction of 
choli leficient futt er is diseussed,. 


Pectic metabolism of growing cell walls. 


J iL. Plant Physiol. 


The iXin-induced chemical 


changes 


etin nd other components of the 


s of oleoptiles are studied 

! t il tion of tissue 
th indolacetie ndueed an aeceler 
tad rmation of the methyl ester of the 
peet substances of cell walls, although 
iit ! tiealiy lefectable net change in 
| content of pectic substance, in 
ster content, or in degree of 

pect sterification was found. The eell 
ontuined considerable amount of 

bile ky groups other than methyl 
este The nat these alkyl groups is 
not now known. It is also shown that 
iuxXin inereases the turnover of methyl 
t gl ps of the wetic material not 
lire ssoed t tl ‘ell wall to a 
greater extent than that of the cell wall. 


Microbiology 


Precooked frozen foods and the new 


handling code. 


RoBERTSON, A. H Dept. of Agr. and 
Markets, Albany, N. \ J. Milk & Food 

r} gin of a1 nembership in the 
A S800] f Food and Drug Officials of 
tl I te States eseribed, Opera 
tiol re surveved neluding bacterial 
detnus. on products at different stages of 
processing mn sever precooked frozen 
food processing plants Any product con 
s ng in part of me poultry, gravy, 
s uffing s readily subject 
nit to plant mishandling and should 
be proeessed with minimal delay. Sani 
t rged t De pr ictical, under 
star ng, « tio il conservative when 
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using the new tools in the recommended 
code; nevertheless, industry ’s familiarity 
with and early use of it will do much to 


maintain frozen food quality at a high 


level. 


Present problems in high-heat pasteuriza- 
tion processes. 


Rosinson, H. B U. S. Dept. of 
Health, Educ., and Welfare, Washington, 
ID. ¢ . J. Milk & Food Technol. 23, 


(1960 


The present problems in pasteurization 
of milk and milk products at temps 
above 190° F. with holding times of 1 
second are: (a 1 need for further 
search on the thermal destruetion of 
significant microorganisms in this temp. 
range to define the limits of safety in 
herent in the process ; ly i need for «de 
velopment of specifications for equipment 
controls which ill assure proper 
pasteurization une ill conditions of 
operation, including those resulting from 
abrupt failure o primary heat and 
power; and (e ecognition and control 
of related proble ms suel is those pre 


sented by use of direet steam 


enting. 


Microscopy 


Simple ultramicro-pipette for electron 
microscopy. 


Harpy, R., Maver, J. R 


Birn ingh 


TRAVERS, 

Engl.). J 

\ «design for «a iltramiecro-pipette 

which permits the controlled delivery of 

droplets down to 2 « in diameter is «de 

scribed. After measu 


screw-micrometer eyepiece, the drop 


ement by means of 
lets are deposited direetly upon film 
covered clectron-microseop grids by 
means of a micro-manipulator. This 
technique allows particle eounts of sus 
pensions of submicroscopie particles te 


be made with greatly preeision. 


Nutrition 


Acceleration of essential fatty acid de- 
ficiency by dietary cholesterol. 


Hotmanx, R. T. AND PEIFER, 
(Univ. of Minnesota, Austin 
tion 411-17 (1960 


The inelusion of 1% of ‘holesterol in 


in EFA-free diet accelerates the appear 
ance of dermal signs of essential fatty 
deficiency in rats. That dietary 
cholesterol accentuates EFA deficiency is 
indieated by a lowered food efficiency, 
lower wt. gain, retardation of testicular 
developme nt and il 
unsatd. fatty 


accentuated poly 
pattern of heart 


lipides 


Time of occurrence of changes in the 
liver’s capacity to utilize acetate for 
fatty acid and cholesterol synthesis 
after fat feeding. 


FOOD TECHNOLOGY, JULY, 1960 


Hint, R., ev au. (Univ. of California, 


(1960 


Lipid Research 


The time relationships in the changes 
in hepatie. lipogenesis and cholestero 
genesis indueed by the feeding of corn 
oil and lard have been studied. A pro 
nounced decrease in the capacity of the 
liver to convert acetate carbon to fatty 
acids was observed as early as 1 hour 
after fat administration. The inerease 
in the liver’s eapacity to ineorporat: 
acetate carbon into cholesterol developed 
slowly after fat feeding; the earliest 


change was observed in 12 hours. 


Diet-type (fats constant) and blood lipids 
in man. 


Keys, A., ANDERSON, J. T. AND GRANDE, 
KF. (Univ. of Minnesota, Minneapolis 


J. Nutrition 70, 257-66 (1960 


Controlled expts. were ¢ irriedd out on 
men with diets differing in the propor 
tions of carbohydrate calories supplied 
from various food sources. It was con 
eluded that sucrose and milk sugar tend 
to produce higher serum cholesterol values 
than equal calories of carbohydrates con 
tained in fruits, leafy vegetables and 


legumes 


Effect of carbohydrate source on choles- 
terol and cardiovascular system. 


ANON Nutrition Peres S800) 


Rabbits fed laetose and cholesterol de 
veloped significant!y more aort athero 
ma, with higher serum and hepatie cho 
lesterol levels, than did rabbits fed su 


erose and cholesterol. 


The influence of exogenous iron on for- 
mation of hemoglobin in the pre- 
mature infant. 


HAMMOND, D. AND Murpuy, A Univ. 
of California, San Franeciseo). Pediatrics 


362-74 (1960 


Premature infants can utilize exoge 
nous iron at very early ages before natu 
rally aequired iron stores are depleted. 
Early administration of iron appears to 
accelerate recovery from the early anemia 
Dietary 
appear adequate for prevention of the 


of prematurity. sources alone 
late anemia in most premature infants 
receiving diets of superior nutritional 
quality, 


Supplementation of cereal proteins with 
amino acids. III. Effect of amino 
acid supplementation of wheat flour 
as measured by nitrogen retention 
of young children. 


(Inst. of Nutri 
Ameriean and Panama, 


Nutrition 176-86 


BRESSANI, R., ET AL. 
tion of Central 
Guatemala). J. 


(1960 


Data from a_ nitrogen-balance study 
showed that the nutritive value of wheat 
proteins can be greatly improved by the 
addn. of lysine alone to the wheat diet 
Apparently, however, more consistent re¢ 
sults are obtained if tryptophan is added 
together with lysine. 


The copper content of infant foods. 


Hugues, G., V. J. Srev 
arT, R. A. 
land, Calif.). 
(1960 


(Gerber Produets Co., 
Pe diatries 


The copper content of S86 baby 
items is given with method used 
coneluded that the copper intake pro 
vided by ‘‘average’’ diets contg. pro 
essed baby foods meets or exeeeds the 
estimated daily requirement of 0.05 mg 
kg. of body wt./day. 


Effect of suboptimal intakes of B vita 
mans on protein utilization by the 
growing rat from diets containing 
single and mixed proteins. 

MakPATIA, U. AND SREENIVASAN, 

Univ. of Bombay, India J. Nutr 


163-70 (1960 


Sub-optimal and optimal conens. 


B vitamins were used in purified diets in 


two series of expts. with the albino rat 
Growth data showed that differences in 
the growth rate due to type of prote 

narrowed with optimal intake of vit 

mins, There seems to be an inverse rela 
tionship between protein quality and th 
elfectiveness with which B vitamins 


be used at higher levels. 


Effects of excesses of thiamine and py 
ridoxine. 


ANON. Nutrition Revs. 18, 95-6 (1960 


\ study was made to det. if excess 
intake of pyridoxine and thiamine | 
female rats during pregnancy ineré 
the infant requirement for pyridoxin 
after birth. 
rates of growth and the efficiency 


Results showed that the 


food utilization in the mother were 
affeeted by excess doses of the vitan 
and the avy. size, survival and growth 


the offspring were unchanged as well 


Toxicology 


Retarding action of nordihydroguaiaretic 
acid on aging of rats. 


Hor, N. P. RaTsSIMAMANG 
Compt. rend. soe. biol. 753, 1180 
(19059 


Feeding this antioxidant, 20 mg./keg 
of ration, significantly inereased the lift 
span of male and female rats and in 
creased the no. of litters borne by the 
females during their lifetime, as com 
pared with untreated littermate controls 
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Lack of relationship between body weight 
and pharmacological effect exempli- 
fied by histamine toxicity in mice. 


A NGELAKOS, E. Boston Univ., 
Mass.). Proc. Soc. Exptl. Biol. Med. 103 


(1960 


Data from mies ire presented 


which show that the toxicity of intraperi 


| NUCLEAR 
WA Density Control System 


toneal histamine is independent of bod) 


weight Adjustment for body wt. in the 


range of 15 to 25 g. inereased the vari 
ation so that smaller inimals ippeared 
to be less sensitive to histamine than 
larger mice Possible mechanisms are 


diseussed 


The plant hormones—Their occurrence in 
foods and possible role in human 
physiology. 
Vuirros, A. J. Borden’s R , 13-36 
Since group lbstuneces 
tl | ! gr th ng ( \ 
oceur ools it Ver Ké that, upon 
ngestion tl ‘ comp go i 
quences ot el Whether 
not the metabolr imtes ire 
mportan in human pl ‘ og 
for further research to detern ‘ Indole 
ring-contg compads., suel serotonin, 
have issumed important 
roles in the human, However, it is It’s a fact! Ohmart Density Con- FOOD PROCESSING applications 
trol Systems usually pay for them- for Ohmart density control systems 
link between consumption of foods rich selves within six months and less, caieae 
in indolie precursors and any subsequent according to customer reports from 
nerease in serotonin lev n the body many industries. One processor states AuPIFIEE INDICATOR 
that his Ohmart installation pays off 
its cost twice each week of operation. ta ne 
FOOD AND FOOD TECHNOLOGY If in your processing you use evap- — 
’ orators, spray dryers, drum dryers, 
Antioxidants classifiers, kilns . . . any equipment @ 
Action and detection of natural fat anti- where liquid or slurry density or 2 r r ‘ 
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— can profit with Ohmart. /ts perform- 
Serzisko. R. axnp Tavs K. KEraah ance is guaranteed! A Typical Evaporator Control System 
4, 454-99 Here’s how an automatic, accurate Evapo ator — den 
TI nti sing effect exts. of and continuous Ohmart installation ted, the 
anuranetsne atime legen dase can earn real profits for you: tions from optimum are detected, the 
comm, raw materials (cocou husks, wheat signals open or close the control vaive 
germs, soy pepper, tomatoes) were in 1. Ups production . . . cuts variable and to control hold up time to maintain 
vestigated and expressed peroxide capital costs optimum density 
‘ Typical Applications of Ohmart 
number The exts. were irther examd 
} fort 2. Maintains more uniform and better prod Control Systems 
uct . . . more output from same input. Control! of— 
Vegetable and Fruit Concentrates 
3. Eliminates costly and inaccurate manual Condensed Fluids 
sampling saves manpower 
Cereals and Grains Powdered Products 
Ohmart akes the most complet 
é akes os ‘te 
The physical structure of wheat protein. Some Food Products which are More 
) standard line of nuclear gaging equip- Profitably produced by use of Ohmart 
Grosskreutz, J. Midwest Re for density Control Systems: 
able or s ve 
search Inst., Kansas Cit) Biochim. et Applesauce Condensed Milk 
Biophys. Acta 400-9 (191 tion. There are more Ohmart Nuclear Beet Sugar MSG 88 
Ty , ar Process Control Systems in operation Cane Sugar Pumpkin 
ihe physical structure of vhen pro 
wide- and small-angle X-ray seattering For Ohmart profit-earning details, instant Coffee 6 Tea 
ind electron microscopy. Dry wheat write for Bulletin 105-C. Tomato Paste 
gluten, gliadin and the water-sol. pro 
teins all give similar wide-angle diffrac 
tion patterns characteristic of folded 
olypeptide chains in the @-helix econ 
, World Leader in Nuclear Process Control 
from stretehed dried glutens show 
in terme. of pasaitel of 2242 Bogen St., Cincinnati 22, Ohio 
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propucrs NOW! 


CHEMOCIDES MK ana PK 


(methyl! and propy! esters 
of p-hydroxybenzoic acid) 


Accepted as safe— 
under Food Additives Amendment 


Effective in acid, neutral and alkaline 
pH ranges 


More active against molds, yeast and 
bacteria 


In addition to inhibitory action—can 
be bactericidal and fungicidal 


Soluble in aqueous and organic media 


Calcium or sodium salts available 
experimentally for increased water 
solubility 


Completely stable in storage 


Chemocides MK 
and PK, and their 
sodium and calci- 
um salts, are im- 
mediately avail- 
able. For addi- 
tional data and 
samples write our 
Technical Service 


Department 
CENTURY 


CHEMICAL 


CORPORATION 
60 E. 42nd St., New York 17, N. Y. 


CHEMO 
PURO 
Subsidiary of ... 
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exceed ~ 70 A. Electron micrographs 
taken of surface replicas of the stretched 
glutens confirm the sheet structure. 
Moist, relaxed glutens, while not exhibit- 
ing the orientation into sheets, still give 
the X-ray seattering characteristic of 
platelets. 


Coffee and Tea 


Analysis of the volatile constituents of 
coffee. 


Ruoapes, J. W. (Southwest Research 
Inst., San Antonio, Tex.). J. Agr. Food 
Chem, 8&8, 136—41 (1960). 


Studies on the roasting of 7 varieties 
of coffee show that generally the conen. 
of volatiles in the bean increases with in 
ereased roasting. Hydrogen sulfide, methyl 
formate, and acetyl propionyl reach 
a max. conen. within the normal roasting 
temps. The conen. of dimethyl sulfide 
remains essentially const. during the 
roasting process. Analysis of green beans 
shows differences which may be useful in 
typing or grading green coffee. In 
roasted coffee, the ratio of diacetyl to 
acetyl propionyl may be indicative of the 
degree of roast. Analysis of brewed 
coffee shows the conen. of volatiles to be 
in the range of 1 to 2000 p.p.b. 


Method of making a tea extract. 


Setzer, E. anp Saporiro, F. A. As 
signors to Thomas J. Lipton Ine. U. 8. 
2,927,860. Mar. 8, 1960, 


Provides for an improvement in the 
process of making a coned. tea product 
from an aq. ext. of tea leaves. Dilute 
aroma vapors are distilled from the tea 
ext. at 150° F. in an evaporator under a 
vacuum so as to preserve the quality of 
the tea flavor. The dilute aroma vapors 
are condensed and highly coned. by a 
fractionating column. The dilute aroma 
vapors are fed continuously to the column 
while applying heat to the base of the 
column to strip aroma from the fluid 
flowing down the column and to foree it 
out the top of the column as vapor. The 
vapor is condensed and returned to the 
top of the column to maintain a high 
conen, of aroma in the condensate. A 
minor portion of the condensate is re 
moved and combined with the tea ext. 
which has meanwhile been coned. by the 
removal of water. 


Dehydration 


Evaporation from drops containing dis- 
solved solids. 


CHARLESWorTtH, D. H. AND MARSHALL, 
W. R. (Univ. of Wiseonsin, Madison). 
Am, Inst. Chem. Eng. J. 6, 9-23 (1960). 


A study was made of the evapn. from 
single drops econtg. solids. By means of 
a specially designed sensitive balanee, 
drops were suspended over a_ hot-air 
stream and their drying behavior was 


observed. Weight changes were meas 


ured during evapn. Ewyptl. data are pre 
sented on the time of appearance of the 
first solid phase and the formation of a 
solid crust for a wide range of drying 
conditions and materials. A theory is 
advanced for predicting the formation 
of a solid phase in drying «a droplet 
eontg. a dissolved solid. 


Up-grading of low-grade meat. 


Penny, I. F. Chem. & Ind. 288-9 


(1960). 


Accelerated freeze-drying process cou 
pled with the use of enzymes is suggested 
as a possible method for utilizing low 
grade meat. The enzyme can eusily and 
evenly be absorbed throughout the porous 
structure of the freeze-dried meat. Dried 
steaks prepd. from cow meat which was 
tough to the point of inedibility, recon 
stituted in tenderizer soln. and cooked in 
a casserole for two hours were found by) 
tuste panels to be very acceptable. Th 
most satisfactory enzymes were ficin at 
conen, of 0.0025% and papain at 0.0050 


Fats and Oils 


The unsaturated fatty acids in menhaden 
body oil: the C,., C., and C.. series. 


STOFFEL, W. AND AHRENS, 
(Rockefeller Inst., New York 
Research 1, 139-46 (1960), 


Complete structural characterization of 
the Cw, Ca, and Ce» unsatd. acids of mer 
haden body oil is deseribed. The present 
report bring to 23 the number of chemi 
eally defined unsatd. acids in this oil, ac 
counting for 98% of the total wt 
unsatd, acids. Of these 23 acids, 
not previously been reported. Pure 
(or mixts. of positional isomers 
isolated. Studies of this complex 
which is composed of more than 44 di 
ferent acids, provide convincing evidenc: 
of the great usefulness of gas-liquid 
chromatography as a preparative mma 
analytieal procedure. Chemical charac 
terization studies are now feasible on 


microseale., 


Legislation 


The new additive regulations for West- 
ern Germany. I. 


Hinton, C. L. Food (British) 
(1960). 


This summarizes the essential features 
of the food additives law adopted by 
West Germany in Dee, 1959. Lists of 
preservatives and the foods to which they 
may be added are given along with tables 
of the max, amts, allowable. 


Milk and Milk Products 


Reconstitutability of dried whole milk. I. 
The effect of sinkability of the 
manner of handling freshly dried 
milk. 


; 
THE 
| 
/ / 
/ 
d 
am «zt 
ay 
| 
— 
4 
H 
J. Lipid 
grat 
5 
in? 
Nea 
| R35 
4 
26 


BuLLock, D. H. ann WiInpber, W. C. 
(Univ. of Wisconsin, Madison). J. Dairy 


Sei, 43, 301-16 (1960), 


A test has been devised which ade 
quately measures the variations in the 
sinkability of dried whole milk, a charae 
teristic related to the reconstitutability. 
The sinkability of dried milk was greatly 
affected by the manner in which the dried 
milk was handled after drying. Maxi 
mum sinkabilities were maintained when 
the dried milk was well chilled before 
the dried milk particles were allowed to 
rub against each other or any object. A 
temp.-conditioning treatment wis de 
veloped which allowed the recovery of 
th initial sinkability possessed immedi 
ately after drying. This phenomenon was 
attributed to the physical arrangement 
of the glyeerides of the surface fat on 
the dried milk particles. 


Free and bound lactose in milk. 


Dutra, R. C., JENNINGS, W. G. AND 
TaRASSUK, N. P. (Univ. of California, 
Davis). J. Agr. Food Chem. 8, 143-4 
(1960), 


By using both isotope diln. methods 
and a eonventional protein pptn. tech 
nique, it was demonstrated that in un 
heated milk, 0.540% lactose is assoed. with 
milk protein(s). The assoen, is ap 
parently weak, as all lactose is removed 
from unheated milk by dialysis for 72 
hrs. The results suggest reversible equili 
brium between free and bound lactose 
favoring a free-bound ratio of about 8 
to 1. Binding of lactose by heated pro 
teins, which is apparently a carbonyl 
amino reaction, was investigated 80 and 


Starch 
Formation of starch in wheat grain. 


WuistLer, R. L. anp Youne, J. R. 
(Purdue Univ., Lafayette, Ind Cereal 
Chem, 37, 204-11 (1960 


Wheat plants were either injected with 
randomly labeled sucrose-( or allowed 
to take up radioactive carbon dioxide in 
the light n both groups of plants, the 
amylose became labeled much sooner than 
the amylopectin, clearly indicating that 
the path to amylose is more direct than 
the path of amylopectin. Although no 
evidence is available to suggest that 
amylose is not converted to amylopectin 
while these polysaccharides are being 
formed, the data suggest that amylose is 
not extensively converted to amylopectin 
once it has beeome incorporated into the 


granule 


ORGANIC CHEMISTRY 


Peptide studies. III. An antibacterial 
tripeptide of L- and D-valine. 


SHANKMAN, S., Higa, 8S. AND Gop, V. 
(Pasadena Foundation for Med, Re 
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search, Calif.). J. Am. Chem. Soe. 82, 


990-1 (1960), 


The tripeptide L-valyl-L-valyl-p-valine 
is shown to be antibacterial at 0.05 mg. 
per ml. for 3 cultures. The other pep 
tides or derivs. were not antibacterial at 


“0 times this conen, 


RADIOCHEMICAL TECHNOLOGY 


Changes in the radiation sensitivity of 
some enzymes and the possibility of 
protection against the direct action 
of ionizing particles. 


Braams, R Yale Univ., New Haven, 
Conn.). Radiation Research 12, 113-19 

160), 

The variation of the sensitivity for in 
tivation by ionizing radiation of 
vacuum-dried invertase was investigated. 
It was found that different purification 
methods lead to different radiation sensi 
tivities. In some prepns. the addn. of 
eysteine, glutathione, or yeust ext. can 
lead to a reduced sensitivity. A possible 


mechanism for this effect is discussed. 


PERSONNEL 


Dr. Jean F. Caul, senior project 
leader in the Food and Flavor De- 
partment of Arthur D. Little, Ine. 

in Cambridge, 
’ Massachusetts, 
is in residence 
at West Ger- 
many’s Justus 
Liebig Univer- 
sity of Giessen 
to introduce a 
new method of 
analyzing fla- 
vors and odors 
at its Institut 
fir Ernahrungs- 
wissenschaft (Institution for Nu- 
tritional Research 

Dr. Caul is teaching the concept 
and principles of the ‘‘flavor pro- 


Jean F. Caul 


file’’ method of analysis developed 
by Arthur D. Little, Ine., an inter- 
national industrial research com- 
pany. The project will be jointly 
financed by ADL and the Uni- 
versity. 


The American Society of En- 
ology has announced that the late 
John G. B. Castor is to be honored 


by a $750 annual scholarship, to be 
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known as the John G. B. Castor 
Memorial Scholarship. Dr. Castor 
was Professor of Enology at the 
University of California at Davis. 

The scholarship will be awarded 
to anyone who is a citizen of the 
United States and pursues a course 
of study in the sciences basic to the 
wine industry in any college or 
university in the United States. 
Those interested in this scholarship 
should contact the secretary of the 
Society, Lewis A. Stern, P. O. Box 
1173, Modesto, California. 


John W. Zahradnik, Associate 
Professor of Agricultural Engi- 
neering at the 
University of 
Massachusetts, 
has been award- 
ed a Danforth 
Fellowship by 
the Danforth 
Foundation. The 
fellowship  cov- 
ers a twelve 
month period 
starting in Sep- 
tember 1960. He 
has been granted a leave of absence 
from the University, where he has 


J. W. Zahradnik 


served sinee 1954, to do advanced 
study toward a doctorate. He plans 
to study at the Massachusetts In- 
stitute of Technology in the depart- 
ment of Food Technology. 


IN MEMORIAM 


It is with deep sorrow that we 
record the death of George Gar- 
natz, director of the Kroger Food 
Foundation, Cincinnati, Ohio, and 
a former president of the Institute 
of Food Technologists. His death 
occurred suddenly on May 18, 
1960, in San Francisco, where he 
had been in attendance at the 
Twentieth Annual Meeting of IFT. 

Born in Cincinnati, Ohio, George 
Garnatz was educated in that eity, 
receiving a degree in chemical en- 
gineering from the University of 
Cincinnati in 1921. Immediately 
on graduation he was employed by 
the Kroger Company and assigned 
the task of establishing a baking 


laboratory. This laboratory quickly 
won recognition in the cereal and 
baked products field. It was incor 
porated into the Kroger Food 
Foundation upon the founding of 
that institution. In August, 1945, 
Mr. Garnatz became director of 
this widely known and productive 
research organization. 

The career of George Garnatz 
was conducted entirely in the field 
of food research and development 
but his interests in food science 
were versatile, including engineer 
ing, baking technology, cereal! 
chemistry and the sensory testing 
of food. In the latter area he had 
an abiding interest, considering 
sensory evaluation of foods a 
major tool for flavor research and 
quality control. He also directed 
surveys of consumer preference 
and worked diligently to increase 
the accuracy of survey methods. In 
the broader aspects of food tech 
nology, his participation in move 
ments to promote national aware 
ness of the importance of food re 
search was especially noteworthy 
The Institute of Food Technolo 
gists and all who are engaged in 
the study of food are greatly in 
debted to him for his tireless ef 
forts to bring status and prestige 
to the profession during its forma 
tive years. 

The breadth of George Garnatz’ 
professional activities is evidenced 
by his active participation in many 
professional societies. He was 
president of the American Associ 
ation of Cereal Chemists in 1939, 
a charter member and, as men 
tioned, president of IFT in 1956 
57, a fellow of the American Insti 
tute of Chemists, and a former 
chairman of the Baking Industry 
Research Advisory Council. His 
other memberships included the 
American Chemical Society, As 
sociation for the Advancement of 
Science, Society of the Chemical 
Industry, and the American So- 
ciety of Baking Engineers. In 
1953 he was selected ‘‘ Engineer of 
the Year’’ by Technical and Scien 
tific Societies of Cincinnati. 

He is survived by his wife, Mrs 
Garnatz, and a daughter 
Mrs. Thomas Grooms, both of Cin 
cinnati, and his mother and two 
sisters, residing in Oakland, Cali- 
fornia. 
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FLAVOR CONSULTANTS PACKAGING RESEARCH Advertisers Index 
Formulations of any type of flavor, Excellent opportunity for an outstand- ; 
flavor oil, or flavor compound—new ing Chemical Engineer or Organic *American Can 
formulations, or existing formulations Chemist interested in packaging re- Company 342B, 342C 
improved—all new requirements of search. Ph.D. or equivalent industrial . ; . 
on Beckman Instruments, Ine. 16 
F.D.A. met—our own research ex- experience with solid background in ‘ei? 
perience has enabled us to offer most fundamental physical sciences essen- Blumenthal Bros. Chocolate Co, 7 
powerful flavor chemicals at very tial. Must be able to communicate Bausch & Lomb Optical 
reasonable prices —REMEMBER — ideas freely and use broad application Company 27 
You pay us only on completion of of technical knowledge in: aa li a 
your requirements to your satisfac- Determining—package requirements Cadillac Employment Agency 30 
tion—you do not pay for research of non-food chemical specialities. Chemo Puro Mfg. Corp. 26 
hours—only for the completed job Developing—new analytical meas- Corn Products Sales Company. 22 
at a reasonable price. urements of factors controlling ’ he 
Dairvland Food Laboratories . 30 
CALIFORNIA INSTITUTE FOR package 
FLAVOR RESEARCH Coordinating—Customer requests Distillation Products 
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Los Angeles, Calif. New, modern research location in Dodge Olcot 8241 
Chicago. Liberal company paid em- ‘Durkee Famous Foods l 
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| complete resume, including salary re- ‘Flor yet . 
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| Inc 360B 
FOUNDED 1922 Personnel Supervisor Food and Drug Research 
CONTINENTAL CAN CO., INC. Laboratories, Ine 29 


tod and 1350 West 76th Street *Kood Mate ials 
CORPORATE O 


*Kritzsehe Brothers, Ine. 334B 
Maurice Avenue at 58th Stree - 
BERNARD L. OSER, PH.D... PRESIDENT AND DIRECTOR LABORATORY SERVICES *The Griffith Laboratories, 
WISCONSIN for the FOOD, FEED, DRUG and Ine 330A 
ALUMNI CHEMICAL INDUSTRIES 
RESEARCH Analyses, Biological Evaluation, * Poche 
FOUNDATION Toxicity Studies, Insecticide Testing La Roche, Ine, 330B 
and Screening, Flavor Evaluation International Flavors & 
Project Research and Consultation Fragrances, Ine 2nd Cover 
CANDY TECHNOLOGIST Write for Price Schedule aoe *Keleo Company 354B 
Excellent opportunity in the Tech- 2217, Modieon Wis Klenzade Products. Ine 5 
nical Sales Service Department of a 
leading manufacturer of starch and Lohnstamm & Company, 
syrup. Position involves in-plant con- 2 
sulting and technical service to con- fg ee gg a ee ‘Kraft Foods 324A, B, C 
fectioners. Also close contact with ae poinenss 1948. Some graduate rol ‘ 
Food Service Research Group. work. Experience — canning, carbo- LaWall & Harrisson 50 
B.S. Chemistry Food Tech- nated beverages and dairy products. Macnus. Mabee ‘een eee 
nology Five Desire Chicago location. REPLY BOX » 
in candy production or technical sales 762, Institute of Food Technologists, Ine 13 
or service work to candy industry 176 W. Adams St., Chicago 3, IIl. Manton Gaulin Mfe. Co 21 
Salary commensurate with experi- Miles Chemical 
ence. Expenses, company car and Company srd Cover 
and COMPLETE SERVICE... *Morton Salt Company 350A 
evelopment opportunities wi re- ' 
search minded company. he ay! Norda Essential Oil & 
G. Radioactive, Infrared Spectroscopy, Food Cy ‘ 
Send resumes to G. M. Prust. Additive Studies, Bacteriology. Write lemical Co 4th Cover 
A. E. STALEY MANUFACTURING Che Ohmart Corporation 2 
COMPANY SCIENTIFIC ASSOCIATES & Bard 18 
3755 Forest Park Avenue ‘ 
Decatur, Illinois St. Lowis 8, Mo. JE. 1-5922 (‘has. Pfizer & Company, 
Ine 334A 
Photovolt Corporation 12 
Proctor Schwartz. Ine. 10 
Sale or Merger Major Schwarz Laboratories, Ine. 30 
Scientific Associates 29 
| t ti F t *Sheffield Chemical 
nternational Supplier to 
*Sterwin Chemicals, Ine. 342A 
United States Testing 
Comp 
Old line company with active sales branches in the United 
States and in many foreign countries. Completely modern anilla Laboratories 390B 
g P W ‘-Jenl Mt 
plant and equipment. Major accounts of several years arner-Jenkinson Mfg. Co......1] 
* > Or, 
standing throughout the United States. Annual sales in R. D) Webb & Co., Ine. SO4A 
excess of $1.000.000 Wilkens Instrument & 

Research, Ine 19 
DIRECT INQUIRIES TO: P. O. Box 2725, Grand Central Wisconsin Alumni Research 
Station, New York 17, New York. Foundation 29 
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Enzyme Preparations from Calf, Kid Goot and 
lamb animal glandulor sources. 


Wi. whole milk powder 

for rich, distinctive 

flavor development in milk chocolote and other 
chocolate products. 


Write for samples and literature 


DAIRYLAND FOOD LABORATORIES, INC. 
BOX 406, WAUKESHA WISCONSIN. 
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LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWac.t & HARRISSON 


Walnut St. Philadelphia 3 Pa. LO 3 43 


FOOD TECHNOLOGIST—To take 
charge of new pilot and product de- 
velopment section for major equip 
ment manufacturer located in Wis- 
consin. Should have background in 
food and dairy processing and be able 
to set up test programs, analyze data 
and handle some qualitative laboratory 
tests. REPLY BOX 787, Institute of 
Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


RESEARCH CHEMIST 
$10-14,000 


Our client is a medium-sized, well- 
established company headquartered in 
Chicago seeking a young, creative Ph.- 
D. to do bench research in food fields 
such as proteins, starches, flavors and 
tenderizers. Age 28 to 35 preferred and 
some industrial or post-doctorate ex- 
perience required. 

Send detailed background in complete 
confidence to: 


GEORGE FRY & ASSOCIATES 
Management Consultants 
135 SOUTH LASALLE STREET 
CHICAGO 3, ILLINOIS 


FOOD TECHNOLOGISTS 


An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel. Inc. 

The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


WANTED— 
TECHNICAL DIRECTOR 


Sixty-seven year old, AAAI manu- 
facturer of food products, located in 
Chicago, serving the meat packing, ice 
cream and bakery industries, requires 
the services of an experienced Food 
Technologist or Chemist. Knowledge 
of meat processing and sausage manu- 
facturing essential. Substantial salary 
and participation in profits. 

Write in confidence, stating educa- 
tional background and _ experience. 
REPLY BOX 792 Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


FOOD DEVELOPMENT CHEMIST 
Applications Research Department 


Position involves development of 
new food uses for our starches, syrups 
and other new and established prod- 
ucts. Also development of recipes for 
industrial customers. Some technical 
service involved. 

Food Technologist or Food Chemist 
with B.S., M.S. and five to eight years 
food product development experience 
or Ph.D. with up to three years ex- 
perience preferred. 

Ground floor opportunity in research 
program that has quadrupled since 
1956. Leading supplier to foods indus- 
try. New 138 laboratory unit research 
center to be occupied in late 1960. 


Write or call G. M. Prust. 


A. E. STALEY MANUFACTURING 
COMPANY 
Decatur, Illinois 


WANTED: Dairy Technologist. De- 
velopment and Evaluation of products 
for the rapidly mechanizing dairy in- 
dustry. Will be liaison man with Sales 
Department. 3 to 5 yrs. experience in 
filtration, food processing or dairy 
production is desirable. Require B.S. 
Degree in Chemistry, Chemical Engi- 
neering or Dairy manufacture. Send 
complete resumé or phone— 


J. L. Kennedy 
Johnson & Johnson 
4949 W. 65th Street 

Chicago 38, II. 

Phone: Portsmouth 7-0800 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological, 
Mycological and Bacteriological 
Investigations 


United States Testing Co., 


1415 Park Ave., Hoboken, N. J 


Custom spray drying to YOUR 
specifications. Complete stainless steel 
equipment. Consultant and experi- 
mental service also available. A. J. 
Pietrus and Sons Company, Sleepy 
Eye, Minnesota. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 

We offer thorough, expert advice on food 
problems of all types, analyses, flovor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 


SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


PRODUCT APPLICATIONS 
Specialist 


Expansion of our special products line and new research developments 
have created an opening for a man who is experienced in new product 


applications development. 


Requirements are a Bachelor’s degree including marketing and science 
courses with particular interest in chemistry, and at least two years 
experience in new product development work in the chemical industry. 


The work involves— 


e@ Investigating potential markets 


and defining the needs, @ Evalua 


tion of products for marketability, @ Developing new product applica 


tions, @ Reporting on findings, 


and correspondence, 


Send resume and letter of application to— 
T. F. Wade, Technical Placement 
The National Cash Register Company 


Main and K Streets 


Dayton 9, Ohio 
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Citric acid ina hurry... 


when you order from Miles’ handy distributors 


Whether you need a little or a lot, there’s always a nearby ample supply of Miles Citric 
Acid, U.S.P. No waiting. No fidgeting. A phone call starts your order on the way. 

And it is from a new (but experienced) source . . . Miles Chemical Company, a division 
of Miles Laboratories, Inc. Miles has been in the citric acid business for more than a 
decade. But until recently, the entire output was tagged for Miles’ own pharmaceuticals. 

Now the capacity of our unique deep-fermentation process has been boosted so there’s 
plenty of this notably pure, high-quality citric acid to go around. 

Handy source. Uniquely pure product. Fast service. Ample warehouse stocks. Tech- 
nical details, too, if you write the address below or ask your distributor. 


70 strategically located warehouse points 


division of Miles Laboratories, Inc., Elkhart, Indiana 


General Sales Offices: Elkhart, Ind., COngress 4-3111; Clifton, N_J., 
PRescott 9-4776; New York, N.Y., MUrray Hill 2-7970 
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AVUN, that “come through” 
come through ORD. 


You know how some flavors sometimes don't quite 
make the grade. For the long pull, it's good to start 
with confidence in the “staying power” of flavors 
fully fit for the task. 


Competitive confidence comes naturally to Norcia 
customers. The way Norda methods continually 
produce steady winners, no wonder, 


Probably a problem you're having can be solved 
by coming to Norda. 


Fiavor it with a Favorite—from 


Samples, free, by sending your business letterhead to 


W. 26th St., New 


York 1, N. ¥.* € 
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